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PREFACE 


The ])i( s{‘] vati()n of comestibles collected during times of plenty, 
for uses when tlie soiiices of supjily fail, lias lieeii practised by 
mail from the r(‘mot(‘st a^ms and in the most uncivilised regictiis. 
Amongst primitive races, in order to avoid famine the preserva- 
tion of food for use tbiruig certain times of the year was absolutely 
(*ssential,*aud in eivilisid countries it is a factor mainly responsilde 
for the ma-iiiUiiiance of th(‘. balance between the demaiul and the 
siip])iy. 

^ Proliably tlic most ancient* method enudoyinl for tlu^. jireserva- 
tion of food stuffs is d(‘siccation or drying, and it is an excellent one, 
meat, for instance, so ti’cated loses none of its nutritive (pialities as 
it, undergoes no chemical change. The remaining methods used 
^ an' heating and sealing in air-tiglit })ackages, treatnumt by means 
of chemicals, and refrigeration. 

. . Tne conservation of meat and otliei* food stulis by the latter 
method, which is muv so ' Xtensiv^ely used, is that with which the 
author is iicrt' solely concerm?d. By means of refrigeration or 
ibermal control meal can now be transported round the world 
whilst retaining its original freshness. And fish, milk, butter, 
eggs, and fiuits of almost c^mry variety can also be preserved and 
transported ih good condition. In fact, as stated in the Preface 
to the first edition of this book, refrigeration is a subject of great 
and daily increasing interest, and the field of usefulness nf the art 
is continually widening. When the author produced, in 1895, fiis 
^BiTWiIler work entitled “ Befrigti^ating and Ice-Making Machineiy,” 
the literature dealing specifically with the subject was of a very 
- limited, and chiefly of a scattered description, hut at the present 
, time there are a number of books published, and the periodical 
literature has also Been largely augmented. 
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PREFACE. 


The sniecess attained ])y “Refrigerating and Ice-Making 
Machinery ” encouraged the jjroductioii of the ' preseift larger 
volume, with tlie second edition of which was incorppratad the 
third edition of the aliove-meiitioiied smaller book. • * • 

In this, the third edition of the larger volume, an additional 
chapter dealing with dairy refrigeration has ])een added, the 
cntroductoiy chapter has becui j)artly re-written and brought up 
to date, as have also been tliose chapters dealing with exam}>les 
of modern refiigerating macliineiy, marine refrigeration, manu- 
facturing industrial and constructional a])plications, ice-making, 
and the management and testing of refrigerating machinery. A 
large nnmherof th(‘ illustralions contained in tlie ])revious editions 
have l)e(ui rejdaced by blocks of more modern machines, and 
forty-six entirely new (*ngravings have been added. Tlu‘ autlior 
takes this o))i)ortnnity, moreovei', of acknowledgijig the. valuable 
assistance rendered by Mr (1. J. Wells, W.Sc., A.M.I (J.E., in 
revising the cha]>ter devoted to tlui theory of refi'igeration. 

Those re(piiring in a very conyis(^ for]]i the ]»rimary details 
regarding ice-making and refrigerating machinery, c-old storage, 
insulation, &c., will find their wants snpjdied l>y tlu' fifth edition 
of “The Pocket Bo(»k of K,efrigei*ation and Ice-Making,” liy the 
same author, and as this little volumes comjulses in addition to the 
abo\'e a veiy considerable numbei of im]M»rta,nt tables and other 
useful memoranda., conveniently arranged for immediate reference, 
it forms -also a \'aluable companion to the larger book. 

A. J. WALLIS-TAYLEU. 


Sutton, I^kamhvr 1911. 
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REFRIGERATION, COLD 
STORAGE, AND ICE-MAKING 


CHArTEU T 
TNTEODUCTION 

Origin of Artificial Hi fiigcratioD— Hietory and IVogresw of the Trade in Fresh 
Provisions. 

• 

Although refrigeration and the production of ire by artificial means 
is said to have been known to, and practised by, the Ancients, it is only 
in bomparatively recent times that improved systems and apparatus 
have enabled operations to be carried out profitably on a commercial 
scale, aiiJ have rendered possible the numerous manufacturing and 
industrial applications now ma»le. 

In addition to the employment of mechanical refrigeration for the 
manufacture of ice, more durable, and — by reason of the known purity 
of the water congealed — more palatable and sanitary than the natural 
product ; to its extensive use for the freezing and chilling of freshly 
killed meat in abattoirs ; and to its application to the cooling of stores 
or chambers for the preservation of meat, fowl, fish, butter, cheese, 
fruit, vegetables, and other provisions of a perishable nature : mechamcal 
refrigeration is now commonly employed in a numlier of different manu- 
facturing processes, brief descriptions of the most important of which 
.applibations will be found in a chapter devoted to this subject. 

' The trade in fresh provisions is one that during the last few yea^ 
has made enormous strides, and at the present time vast quantities of 
frozen carcasses, and of fish, fruit, vegetables, butter, cheese, and milk 
*are being imported iijto this country. 



2 REFRIGERATION AND COLD STORAGE. 

Space does not, unfortunately, admit of entt5ring into any lengtliy 
account of the history of this trade, which is one of great interest, or of 
giving lengthy statistics relative to the constantly increasing amounts 
of these imports ; the full figures can, however, readily be got from a 
variety of sources by anyone interested therein, and, moi’eover, they 
hardly come within the province of a book purporting to be devoted 
to a description of the various machines and appliances adapted for 
M'efrigeration and ice-making. The following, however, are a few of 
the leading facts and figures : — 

Meat frozen by a Harrison ether machine was shij)pefl from Mel- 
bourne on the 23rd July 1873, and arrived here on the 18th October, 
but turned out a failure;. In 1875 and 1876 frozen meat was brought 
over from America. The first cargo of frozen meat was successfully 
brought to this country from Australia in the year 1880, in the 
“ Strathleven,” which is said to have been fitted with a Bell-Coleman 
cold-air machine, and this was quickly followed by another consignment 
in the “Protos,” refrigerated by means of a cold-air machine of the 
Lightfoot pattern. On 5th October of the same year the steamship 
“ Orient ” arrived at London with a (;argo of frozen meat, she being 
also fitted with refrigerating apparatus on the cold-air principle, in this 
instance one of Haslam’s patent dry-air refrigerators being emploj/ed, 
which worked without interruption during the entire voyage of six 
weeks’ duration. On the 26th KSeptember, in the succeeding year, the 
clipper ship “Mataura,” also fitted with a Haslarn patent cold-air 
machine, arrived with a cargo of frozen meat from New Zealand. 

Such were the commencements of the trade in refrigerated meat, 
and it has so rapidly advanced that, in mutton and lamb alone, from 
400 carcasses in 1880, it has risen to 12,981,044 carcasses in 1910. 
According to Messrs Weddel <fe Co.’s annual report, the total receipts 
of frozen mutton for 1910 was 7,552,977 carcasses, as compared with 
5,915,455 in 1909. These figures represent an increase of 1,637,522 
^carcasses, or 27*7 per cent. These developments in mutton syn- 
chronised with a small extension in the imports of lamb, which 
aggregated 5,428,067 carcasses, as compared with 5,151,697 carcasses 
in 1909. Taking mutton and lamb together, the aggregate of the 
importations was 12,981,044 carcasses, as compared with 11,067,1*52 in 
1909, and is the highest hitherto recorded. o 

The following tables compiled from statistics published by Messrs 
W. Weddel A Co. show, in the first, the growth of the trade in frozen, 
mutton and lamb, from the commencement of the trade-in 1880 to 
1890 ; and in the second (page 4), from 1891 to 1910, 
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Yeart.y Tmport.s of Frozen Mutton anx> Lamb prom Commence- 
. MENT ;OP THE TrADE TO 31 ST DECEMBER 1890. 


Year. 

4u‘^tralia 

New Zealand 

Falkland 

Islands. 

River Plate, 

Totals. 

1880 

• 400 




400 

1881 

17,275 




17,275 

1882 

57,25(J 

8,889 , 



60,096 

• i88:i 

6;i,7:i;i 

120,898 


17,168 

201,789 

1884 

1 ]ii,74r. 

412,849 


108,828 

632,917 

1885 

I . 95,051 

492,269 


190,571 

1 777,891 

1886 1 

1 60,960 

655,888 j 

,80,000 

484,699 

1,187.647 

1887 

88,811 

766,417 1 

45,552 

641,866 

1,642,646 

1888 

112,214 

989,281 


924,003 

1,976,448 

1889 

86,547 

1,068,286 1 


1,009,986 

2,164,769 

im 

207,984 

1,588,898 

I0,i68 

1,195,531 

.2,947,0W 


The steady increase in the amounts of froziin and chilled beef 
imported into this country for the period of twenty years, viz,, from 
1891 to 1910, is no less phenomenal than that of mutton and lamb. 
In 1891 the total imports, as will be seen from the table on page 5, also 
compiled from Messrs W. Wedder.s statistics, amounted to 1,157,854 
cw%, whilst in 1910 the figures reached 4,246,182 cwt. 

Three shipments of chilled beef were made during 1910 from 
Australia, the condition of one of which was imperfect owing to the 
use* of unsatisfactory meat wraps. It has, however, been definitely 
proved that, aided by the Linley process, chilled beef can be brought 
from ^i.ustralia or New Zealand to this market, and delivered, after a 
seventy days’ voyage, in good condition. 

The trade in frozen rabbits has also attained to considerable , 
dimensions, and as far back as 1900, 36,823 crates, containing 917,142 
rabbits, were sent bo this country from South Australia. 

In 1886 the steamship “Nonpareil" (Scrutton, Sons, & Co.), which 
had been fitted for the purpose with a Haslam dry-air refrigerator, 
brought to this country the first cargo of West Indian fruit; and early 
in 181?8 a cargo of apples was shipped from Melbourne in the “ Oceana," 
in chambers also cooled by a Haslam machine, both cargoes arriving 
in good condition. Subsequently many of the ships belonging to tlie 
.Penfiisular and Oriental Steamship Company, and others, were fitted 
* up for this trade, and Messrs Elder, Dempster, & Co. inaugurated the 
. Imperial West India Direct Mail Service, the steamers of which line 
are specially adapted for the transport of large quantities of bananas 
‘from Jamaica, a taik which has been successfully performed. The 
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‘The total caj^lty of the principal London refrigerating stores at the Slst December 1910 in 56-lb. sheep was 2,783,000 cai 



Imports of Frozen and Chilled Beef from 1891 to 1910. 



* Frozen beef is that carried at a temperature of *10° Fahr. to 15° Fahr. and frozen hard, 
t Including 1,331 quarters chilled from Queensland. 
t Including 3,844 quarters chilled from Queensland. ^ 

CSdlted beef is tl^t earned at a temperature of 29° Fahr. to 30° Fahr. and arriving in a soft cemditiem. 
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method adopted is to circulate through the insulated holds of the 
vessel air which has been purified and cooled in the course of its 
passage over a specially constructed cooler, through which cold brine is 
circulated by means of pumps, and every precaution is taken to main- 
tain an equable temperature of 40*^ to 45“ Fahr. during the voyage. 
Besides this there is now quite a large trade in Australian and 
Canadian apples, and one in ^soft fruits, such as pears, peaches, and 
*' grapes, has also been established.* The extent of the trade in 
Canadian fruit will be realised from the fact that during the season 
of 1908 there W(‘re four steamers sailing from the ports of Montreal 
and Quebec with cold storage chambers reserved for fruit only. The 
total number of vessels fitted with cohl storag{^, sailing from the above 
poi;ts in the same year was forty-si .x steamers with a cold storage 
capacity of 1,015,556 cub. ft., and nineteen with a total air cooled 
capacity of 904,780 cub. ft. Adding together all the sailings during the 
year, the total available space? was 4,907,195 cub. ft. of cold storage, and 
4,217,648 cub. ft. of corded air. 

Ill 1893 a considerable import trade in milk bad already ai’iseii, and •. 
in 1894 one firm alone regularly sold 500 gals, of foreign milk daily ; 
thousands of gallons of foreign cream- are likewise imported into this 
country to be used for buttermaking. The bulk of this milk is shipjied 
to London from Gothenburg by steamer, having been frozen chiefly by 
refrigerating machines on the ammonia compression principle, and 
costing, it is stated, 25 per cent, less than English milk 

Large quantities of butter are brought over from Denmark and 
the Baltic. Messrs Thos. Wilson, Sons, k Co. alone fiiad eight or 
ten years ago seven steam.ships fitted up with refrigerating machinery 
for, the butter trade, and one firm of refrigerating engineers (Messrs 
J. & E. Hall, Ltd.) had at that time fitted up thirty steamers with 
refrigerating installations for the same trade, and a large number 
. of steamers have since been adapted for such transport. The amount 
*" of butter imported into the United Kingdom from Victoria, in 1900, 
was 26,185,679 lbs., that from New South Wales 8, 72V, 600 lbs., and 
large quantities of butter and cheese are likewise brought over from 
Canada. 

All these provisions can now be brought to this country in 
excellent condition, the chief dangers of deterioration being 'from 
hurried and consequently careless stowing, from bumps and bruises 
caused by rough and unskilled handling, and from exposure to higher, 
temperatui’es during transit from the vessel to the cold stores on land, 
aftd subsequent distribution by road or rail to the retailers. 
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Inhere are at the present time upwards of 200 cold stores and 
ice factories in tjhe United Kingdom. The number of firms engaged 
as makers of refrigerating machinery is about 40, and there are 
upwards of 130 breweries, 30 butter merchants, 45 chemical and 
other manufactories, 30 chocolate, cocoa, and confectionery manu- 
facturers, anji some 65 bacon factories using refrigeration ; as well as 
manufacturers of ammonia, carbonic anhydride, and other refrigerating 
^ mediums, importers of ice, and other firms interested in the business* 
many butchers, fishmongers, dairy and hotel pi’oprietors, and others, 
who •have small cold stores cooled by refrigcu-ating machinery and by 
ice. On the Continent and in America and spread over China, Japan, 
Java, India, Ceylon, the Malay Peninsula, the Philippine Islands, Siam, 
East, West, and South Africa, Australia, New Zealand, Figypt,^and 
Algeria are many thousand firms directly interested in refrigeration. 

In twenty state^' in the United States the refrigeration used per 
day amounted, accordi ig to statistics compiled in 1909, t<^ 284,780 
tons. The total capacity of the refrigerating machines in the United 
States is given as being 61 2,919 tons per day of twenty-four hours. That 
is an average of 31 T 7 tons per machine. The capital represented in 
the above plants is considerably* above 100,000,000 dollars. 

* The entire number of vessels fitted up with refrigerating installa- 
tions and adapted for the transport of mcid and other comestibles 
was in 1910 uj) wards of 800. According to Messrs W. Weddel 
1^8^ steamers were actually emgaged in the frozen meat trade between 
Australia, New Zealand, and South America, and this country, at the 
31st December 1910, viz., 52 steamers having a combined capacity 
of 2,264,000 carcasses between Australia, 49 steamers with atiombined 
capacity of 4,498,200 carcasses between New Zealand, 68 steamers 
with a combined capacity of 4,166,700 between South America, and 
20 steamers with a combined capacity of 1,709,700 between Australia, 
&c., or South America, and the United Kingdom. There is also a 
supplementary list of 25 steamers fitted with refrigerating machinery, 
ancL having ^ combined carrying capacity of 1,586,900 carcasses, but 
not at present engaged in the frozen meat trade. 



CHAPTER II 


THE THEORY AND PRACiMCE OF MECHANICAL- 
liEFRlOERATlON 

Relation to first two Laws of Thermo-dynariiicH —Definition of Heat — Specific 
Heat — Latent Heat -Mechanical Equivalent of Heat— Calculations made 
r»vith respect to Heat— Temperature — Laws of Gases — Construction of 
Chart applicable to any value of Work demanded of a Refrigerating 
Machine — Greatest Thooreti(5al Efficiency of a Refrigerating Machine. 

The theory and practice of mechanical refrigeration are based upon 
the two first laws of thermo-dynamics — that is to say, first that 
mechanical energy is convertible into heat, and vice versa, and, second, 
that an external agent is necessary to .enable heat to pass from a cold 
to a heated body. 

The above fact very naturally leads us to inquire what heat really 
is, and here we are confronted with a question by no means easy 
to answer correctly. According to the well-known and generally 
accepted definition of text-books, the answer to the question is that 
heat is a mode of motion. A more satisfactory statement as to the 
nature of heat, however, is that it is a form of molecular energy. 
This theory is the result of a series of observations made by 
Benjamiiji Thompson, better known, perhaps, as Count Rumford, 
in the year 1798, and also by Sir Humphry Davy in the year 
1799, the definition having been finally arrived at, and accepted 
by, the former eminent scientist in 1812. It is an unfortunate 
circumstance, but nevertheless a true one, that even the mo^t gifted 
amongst scientific men, in endeavouring to penetrate the secrets of 
nature, are, after all is said and done, but groping blindly in the dark, 
and the fallacy of but too many of our scientific definitions is a 
truth patent to all who give the subject any serious consideration. 

is a fact fully recognised by most eminent teachers; but 
notwithstanding this, the erroneous definitions, are allowed to stand 
unchallenged for want, doubtless, of more accurate ohefj. 

In the case of heat, the before-mentioned experiments had appa- 
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©fatly Bhown that heat was not a substance, as had been thought by 
>reviouB ajuthorities, and therefore it was accepted without dispute, 
n order -to secure a plausible definition, as being a mode of motion. 
!n a very, interesting paper by Dr Ernst Mach, Professor of 
Physics in the University of Prague, which appeared in the Moniet 
»f October 1894, the absurdity of many of the universally accepted 
beories is clearly demonstrated, and with reference to thermo- 
lynamics, he remarks that, as it has been shown that heat is not# 
i substance, the usually accepted theory is that it is a mode of 
notion. This, however, Dr Mach proves not to be true. In an 
ible article upon the fallac}^ of scientific definitions published in the 
Engineer of 12th October 1894, the writer, after referring to the 
“act that the exact nature of heat is as yet absolutely unknown, 
:ruly observes that heat really behaves sometimes like a* subst^ce 
ind sometimes not. 

Modern physicists assume heat to be not a material but a state. 
A.11 bodies are built up of very large numbers of extremely minute 
^articles, known as molecules, which have a mutual attraction the 
)ne for the other, which attraction is more or less great in solid 
natter, lesser in liquid matter^ and actually resolves itself into a 
repulsion in gaseous matter. These molecules are supposed to be 
in a state of perpetual movement or vibration, except in the case of 
bodies which are absolutely cold, and the temperature of a body is 
i'ovferned by the rate of this vibration, the more rapid the vibration 
th*e higher the temperature. Every molecule possesses a certain 
definite weight, and owing to its motion must have a certain amount 
ef kinetic energy, so that according to this heat is really a. kind of 
energy, and not a substance. Both heat and mechanical energy are 
mutually convertible, and besides, for each unit of heat expended 
or produced, a definite amount of mechanical work must be produced 
or expended. 

Lord Arnivstrong .said: “According to the new theory, heat is an 
internal motion of molecules, capable of being communicated from 
the molecules of one body to those of another ; the result of this 
imparted motion being either an increase of temperature or the 
jJerformance of work. Clausius states that heat cannot be oofti- 
munibated from a cold body to a hotter one without compezutatum. 
According to T 3 mdall heat is not matter, but an accident or 
condition of matter, namely, a motion of its ultimate particl^v 
Maxwell says that heat, considered with respect to its pow®r of 
warming things, an^ clianging their state, is a quantity strictly 
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capabJe of measurement, and not subject to any variation in quality 
or kind. Balfour Stewart says that when air is compressed, the 
rise of temperature is scarcely at all due to the mere diminution of 
the distance between the particles, but almost entirely to the 
mechanical effect which must be spent on the air before the con- 
densation can be produced.” 

It may here be remarked that the word heat is very commonly 
* employed in a very loose manner, and the fact that two quite distinct 
meanings may attach themselves to it is either forgotten or ignored,* 
viz , “temperature ” and “ quantity of heat,” which, whilst closely con- 
nected with one another, are nevertheless entirely different. For 
example, we may have two vessels of largely varying dimensions con- 
taining water at exactly the same temperature, whilst tht5 quantity of 
he^l in the larger vessel may be doubte, treble, or more, of that in the 
other or smaller one. Sensible heat is that indicated by the thermometer. 

Specific heat is defined as being that amount of heat necessary to 
raise the temperature of a body of a unit weight 1“. The unit of 
measure is that quantity of heat that is necessary in order to raise the 
unit weight of water through 1“, at its temperature of maximum 
density 39’4° Fahr. If equal weights #of different bodies are raised the 
same number of degrees of temperature, each one takes up a differtjnt 
amount of heat, moreover the specific heat of the same substance differs 
in accordance with its state, f c., whether it be solid, liquid, or gaseous, 
and under Varying conditions of temperature and pressure, increasing 
invariably with an increase of temperature or pressure. The specific 
heat of water is exceeded by but few bodies^ and the variation thereof 
at different temperatures is so small as to be unworthy of notice. The 
specific heat of water is therefore taken as the standard of comparison, 
and is represented by unity. It is, however, a quantity increasing with 
the temperature ; for example, at the temperature of maximum density 
39* Fahr. to 40* Fahr., it is exactly unity, at 104° Fahr. it is 1*0012, 
and at 212* Fahr. it is 1*005. 

Latent heat, the existence of which was first discovered by Dr Black 
in 1762, is the heat that is absorbed by bodies when passing from one 
state to another. Latent heat has been thus clearly and cbncisely 
defined by Balfour Stewart, in his “ Treatise on Heat ” : “ Latent 
heat is the heat which is absorbed by bodies in passing from one^sl^ite. 
to another, but it does not manifest itself by producing an increase of • 
temperature, and is on this account called latent heat. ... A pound 
of water at 212*, mixed with a pound of water at 32*, pves 2 lbs. of 
water at 122*, the mean of the two components if, however, a pound- 
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of ice at 32° be mixed with a pound of water at 212°, we have 2 lbs. of 
water at 5 1° onljr. . . . The difference being equal to that required to 
raise 2 Ib^. of water through a range of 71“ . . . representing the heat 
required to liquefy 1 lb. of ice.’^ 

Joule’s mechanical equivalent of heat equals 772 ft.-lbs. That 
is to say that heat demands for its production, and produces by its 
disappearance, 772 ft.-lbs. for each unit of heat. The experiments 
by which Joule determined the above equivalent were conducted by*> 
means of a falling weight, which actuated an agitator or paddle- 
wheel placed in water, the friction caused by a weight of 1 lb. 
falling through a distance of 772 ft., of a weight of 772 lbs. falling 
through a distance of 1 ft., being found sufficient to heat 1 lb. of 
water 1° Fahr. 

The method of conducting the experiment consisted in first winding 
up the weight until it was at the top of a scale, the temperature of 
the fluid (water, oil, meicury, ttc.) being then noted, and the weight 
allowed to fall through a certain distance and the temperature again 
noted. If then W be the weight in lbs., and H the height through 
which the weight has fallen in feet, W x H will be the number of 
foot-pounds of work that have»-been performed by the falling weight. 
Afid if wx 8 be the weight of the fluid multiplied by its specific heat, 
be the initial temperature of the fluid, and be its final temperature, 
w X 8 (t,^ - will be the number of heat units imparted to the fluid 
by*the fall of the weight. Taking J (usually known as Joule’s equiva- 
lent) to denote the number of foot-pounds required to produce one 
heat unit, or the mechanical equivalent of heat, we have therefore : — 

„ _ 

~ WX8 [t., - 

This is what is generally called the first law of thermo-dynamics, 
viz., heat and mechanical energy are mutually convertible, and heat 
requires for its production or produces by its disappearance, mechanical 
energy in the proportion of 772 ft.-lbs. for 1 unit of heat. 

This value has been used universally for many years, being even 
now that most commonly employed. Recent investigators, however, 
haite conclusively shown that the above is too small, and various vaKies 
. varying up to 778 ft.-lbs. are used. 

’ Calculations made with respect to heat entail the use of the terms 
absolute pressure and temperature. 

The first of these, or absolute pressure, is pounds per square inch 
* above a vacuum. „Hence, as the zero on a steam pressure" gauge 
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represents atmospheric pressure it will be necessary to add 14 *7 lbs. 
to any particular gauge pressure to convert it into absolute pressure. 

Temperature is a term which implies that degree of sensible ' heat 
which a body possesses when compared with another body-- The zero 
upon the Fahrenheit thermometrical scale is an arbitrary zero or 
starting point, adopted because the real zero was unknown ; recent 
experiments place it at -459‘13° Fahr. On both the Centigrade and 
jEleaumur scales the two fixed points are the temperatures of melting ice 
and boiling water under a pressure due to that of the standard atmo- ‘ 
sphere. A degree is obtained by dividing the interval between these 
points into 180 in the case of the Fahrenheit, 100 in the case of the 
Centigrade, and 80 in the case of the Reaumur, equal divisions on the 
three scales, the bore of the tube being assumed to be uniform and 
the Expansion of the glass neglected. Thus the absolute temperature 
of a body is that of absolute zero added to the ordinary thermometrical 
temperature thereof. For instance, if the latter be 32” Fahr. then the 
absolute temperature would be 491*13” Fahr., or 459*13 were it zero 
Fahrenheit on the thermometer. 

The laws of gases may be concisely stated as follows : — 

PV=Rr: 

Where P = pressure 
V = volume 

H = constant (depending upon the gas) 

T = absolute temperature 
= (T + 459*13*) on Fahrenheit scale. 

The equation may be put as follows : — 

, = constant. 

If temperature remains constant then 

PV = a constant. 

• And in this form is the algebraical representation of Boyle’s or 
Marriotte’s law, usually expressed in words thus : If 'the temperature 
“ remain constant then the volume of any given quantity of gas will be 
, Mi the inverse ratio to the pressure which it sustains. 

“ "The volume remaining constant then 
V 

= a constant. 

Which is the symbolic expression of Charles’ and Gay .Lussac’t 

•'Figures given by Professor Clerk Maxwell in his ^‘Theory of* Heat."’ 46( 
is the amount i^nerally taken. , « 
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laws (laws of expansion). Charles’ law may be orated thus: Under 
constant pressure) all gases expand alike. 

PV'" = constant. 


In cases where the change of volume takes place at constant 


temperature, then it is said tf> be 
isothermal expansion and n~l. 
The curve connecting pressure and 
•volume is an hyperbola, and conse- 
quently it is occasionally called 
hyperbolfc expansion. 

If the working medium or agent 
expand without receiving or giving 
up any heat from or to external 
bodies, it is said to expand adia- 
batically, the curve of expansion is 
adiabatic and 71 = ratio of specific 
heat at constant pressure to the 
Specific heat at constant volume, 
which for air = T408, or 


Y 



Fig. 1. —Diagram HlK>wing Method 
of Construction of Curve PV” « 
Constant. 


PY1403 _ constant. 


This particular ratio is usually denoted by 7 , or 
PV'>' = constant. 

• 

• To construct the curve = constant. 

When n — \ then for a given series of values of V it is easy to 
calculate the corresponding values of P, but for any other value of 
n it is necessary to use logarithms, thus : — 

log. P + w log. V = log. C ; . . . (1) 

Put log. P = 2 /, log. V = and log. C = then equation (1) may 
be written*: — 

y-{-nx = kf 

twhiclws the equation to ft straight line. 1 

In Fig. 1 take the point K in the straight line AB, then CR — 015 
and RD = OC == 2 / 1 ; then from the figure we have— 
OA_AC_OA^^OARD^OA_RD. 

OB“CR CR CK CR CR^ 
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and similarly for any other point (.ry) in the line it may be shown that — 
y + nx ~ k. 

Also let the angle ABO = 1), then v ^ tan. 1 ) = 


AO 

OB' 



Fig. 2.— Diagram allowing Method of 
Constructing Curve PV' = Constant. 


In Fig. 2 let A'R'B' be the 
curve PV” = C, then if OR = log. 

C'R' and DR = log. D'R', then all 
* points such as R will lie on a 
straight line AB, and AO=!log. 

C, whilst = n, 

BU 

Upon these principles Professor 

D. A. Low- has devised the following 
general method applicable to any 
value of which avoids the con- 
tinual use of a table of logarithms. 

For this purpose a chart is constructed (se(‘. Fig. 3), which may 
be considered divided up into four parts by the lines X,X and Y^Y. 
Volumes are measured along OX, pressun^s along OY as usual, so 
that the top right-hand corner is the curve PV" = constant. Ix)g. P 
is measured along OXj, and log. Y along OY^. A curve is drawn in 
the top left-hand corner such that any point’ Q in it satisfies the 
conditions QS = P and QT = log. P. Similarly in the right-hand lower 
corner is a second (jurve in which any point must satisfy the 
conditions KL = Vj and KM-=log. V. These curves will be used for 
constructional purposes and should be carefully drawn. 

I^t A (Fig, 3) be a point in the curve PV"^C, and also that n has 
the value 1*4, the pressure at A being 140 lbs., and the value 10 units. 
Then project a vertical lino downwards to meet the V log. Y curve at a, 
and a line horizontally to meet the P log. P curve at a. From a let 
jail a perpendicular to meet a horizontal line through a, at a". Join 
the point 1-4 on scale of log. P to DO on scale of log. Y and through a" 
draw a line parallel to this line. Next select some point, say 6", and 
project vertically and horizontally, obtaining the points h' and 6", again 
projecting horizontally and verticially, and their intersection B is a 
point on the curve required ; repeat this process for as many points as. 
may be required. All this process requires is the use of a tee-square' 
and set-square ; and in practice if the two curves are constructed’ once 
for all and the construction performed upon a piece of tracing paper, 
the •original can be then preserved uninjured. The converse problem 
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can be solved, viz,, if a curve UV be given to find the nearest value 
of 71 in the equation PV" = C. Tn this case take a number of points, 

1, 2, 3, (Sic., and draw the straight line 71 v" through them, and through 
the point 1;^) (in log. V) draw a parallel line to n'v\ to intersect 
log. P scale (OXj), then the reading in this example 0*8 nearly. So 
‘that the equation to the curve UV is PV“®— 1313, 

The work demanded of a machine of any kind whatsoever intended 
for effecting mechanical refrigeration is to reduce the temperature of • 
any given matter to the desired point as compared with the surround- 



Fig. 3. — Construction of Chart applicable to any value of n. 


ing ma4}ter, and to maintain it subsequently at or near this point, for 
naturally, were two bodies having different temperatures placed either 
in actual contact or in sufficiently close proximity to one another, 
theif temperatures must infallibly become equalised sooner or later, 

• if Ho means be employed to permanently keep up the difference. It 
may here be noted that the theoretical cycle of a perfect refrigerating 

• machine is precisely the opposite to that of a perfect heat engine. In 
the first, heat goes in at a low temperature and passes out at a. more 
elevated temperature, to render which action possible certain work has 
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to be effected upon it. In the second, heat derived from some external 
source at an elevated temperature is given out at a lower temperature, . 
a greater or lei^ser amount of mechanical work being produced by it 
during its fall. 

When a gas is compressed the temperature rises. When a gas is 
allowed to expand, the work it performs is done at the expense of its 
store of heat. If, therefore, some gas, say air, be compressed its 
temperature will increase, and some of its heat will be able to flow 
into any surrounding bodies at a lower temperature, and in cold-air ' 
machinery air is compressed, and then cooled by passing through 
water at a lower temperature, which reduces the temperature to 
about its original amount before compression. Now if this air be 
allowed to expand again until its original pressure is regained, the 
work so done will be performed at the expense of its reduced Stock 
of heat, so that the air will have lost a large portion of its heat in 
the process, which will result in a great reduction of temperature, 
thereby giving rise to that negative condition known as cold. 

It may be here mentioned that the phrase commonly used, “ heat < 
is generated by compression,” is somewhat misleading, because the 
amount of heat in the universe is a •fixed quantity, and the intrinsic 
energy possessed by any gas is under given conditions a quanH:ity 
that can be accurately calculated. Thus if a pound of air at a 
temperature of 70“ Fahr. and at normal atmospheric pressure be 
taken as an example, the total quantity of energy it possesses is at 
once known. If this air be placed in a compressor and its volume 
be reduced to say one half of its original volume, and if this be done 
so rapidly that there is no time for heat to escape at the end of the 
compression, that is to say adiabatically or instantaneous compression 
without transmission of heat, then its energy will have been increased 
by the amount of work done upon it. Its statical pressure will be 
iijcreased, and its temperature will also have risen, by reason of its 
ehanged state or condition internally, and the theta-phi diagram for 
the two conditions would show this more clearly than any other 
known method. Now if the temperature be reduced to its former 
, amount, that is to say to 70° Fahr., its volume will contract, so that 
a^teaafdl additional quantity of air will have to be forced in in order 
that the pressure may remain unchanged as the temperatttta ia 
^reduced. It will be seen that there will be now, consequently upon 
the above, rather more than a pound of air to deal with^at th^ higher 
ineaaure, and this is what actually occurs in practice, but k a point 
whiek is easily overlooked. Now if this air be {dlowed to expand in 
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a cy««Jer, it will give up more of its heat in order to overcome the 
reaista^e, and in this way it will lose or part with more heat. The 
amount' of work done is shown by the indicator card, and can be 
estimated. The mechanical work done by the air in this expansion 
is exactly the ‘Samo as that done upon it during its compression, but 
there is in addition the further loss of energy, due to the internal 
work done in the air during the expansion, so that what has been 
done to the air during the entire process has been to extract some of 
;^^ts original store of heat, thus reducing its temperature; and the 
Void air is .now ready to restore its deficiency at the expense of the 
sii^rounding hotter bodies. 

'^<^he greatest theoretical efficiency of a refrigerating machine is 
exp^sible by the equation : — 

\\ ^ -_L_ • 

Vi XI"Z-Y’ 

X denoting the heat unit whiqh are abstracted. 

denoting the total of heat units representing work effected. 

> Y denoting the absolute lower temperature. 

Z denoting the abs(^^ute higher temperature. 

In all refrigerating machines, bther matters being equal, a limited 
rangl of temperature gives the largest amount of efficiency, and the 
more extended the range of temperature the less wi’l be the degree of 
efficiency developed ; the efficiency, moreover, advances proportionately 
to a rise in the lowest limit of the range of temperature. 

Shortly, the work demanded of a refrigerating machine is to 
extract heat from a cold body, say from the air in an enclosed space, 
such as a refrigerating chamber, and by the expenditure of mechanical 
energy to sufficientlyTaise the temperature of this heat to admit of its 
being carried away by a suitable external agent, the latter being most 
usually water, which is not only the cheapest one available, but also has 
a greater capacity for heiit, weight for weight, than any other known 
substance, and is taken as the standard of comparison, its specific heal 
being taken as unity. 

It has been already stated that heat cannot be communicated from 
a cold body to one at a higher temperature without compensation 
^ taking»^ace, and as the heating of cold bodies is not refrigeiution, an 
explanation of the nature, extent, and necessity of this corapensati <»3 
called for. 

. « Let us suppose that it is desired to cool some agent or mediun^ 
8^ air for an example, at a temperature of 60“ Fahr., a liquid at i 
b^xnperatttre of zero Fahrenheit being available which has, say, the 
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specific heat as water. On mixing 100 cub. ft. of this air with 10 lbs. 
of the liquid, it will be found, as soon as the temperatures have 
become equalised, that the air has been cooled 50°, and the liquid 
heated 10°, practically no expenditure of power being required to effect 
the mixing. 

On the other hand, supposing that it is desired to cool air at a 
temperature of 60° Eahr., and that water at 80° Fahr. is available for 
the purpose of absorbing the heat, then in this case as the substance 
to be cooled is the colder body, some means must be found of reversing 
the relative temperatures of the two substances. According to Boyle’s 
or Mariotte’s law, the temperature remaining the. same, the volume of 
any given quantity of gas will be in the immerse ratio to the pressure 
which it sustains. By compressing the 100 cub. ft. of air to seven- 
tSiths of 'its volume, the terminal temperature will be found to be 140° 
Fahr., and if this air be mixed whilst under pressure with 10 lbs. of 
water at a temperature of 80° Fahr., it will be found, as soon as the 
temperatures become equalised, that both the air and the water are at a 
temperature of 90°. By allowing this air to expand to normal pressure, 
its final temperature will be found to be 10° Fahr., or reduced to a 
similar temperature as in 'the first case. In the above example, the 
compression, cooling, and expansion are assumed to be all effected in 
the same cylinder, and without transference of heat to or from the 
exterior. 

It will be seen that, in both of the above cases, 100 cub. ft. of air 
has been reduced in temperature by 50° Fahr. The heat remoVed 
or abstracted was in the first instance communicated to a liquid at a 
low temperature, no compensation taking place, whilst in the second 
case the heat removed or abstracted was taken up by water at an 
initial temperature considerably above that of the air, which action 
necessitated the temperature of the latter being raised by compres- 
sion, thereby consuming a certain amount of power in doing so, 
which consumption of power in the above case, allowing for friction, 
may be taken as 27,500 ft. -lbs. 

We have already seen that the mechanical equivalent of heat is 
778 ft.-lbs. per British thermal unit (B.T.U. or heat unit, viz., the 
(Quantity of heat required to raise 1 lb. of pure water 1° Faly'., or, 
morQ exactly, from 39 ’1° to 40T°), therefore : — * 


27500 

Tt^ 


= 35*3 B.T.U. 


This, however, as above mentioned, is on the assumption that 
comptession, cooling, and expansion all take^ place in the same 
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cylinder htuI without loss or accession of heat to the exterior, an 
impossible arrangement in practice, and if the air be compressed in 
one cylinder and passed into other cylinders against pressure for 
cooling and expansion, as it would b(^ in an actual working arrange* 
ment, another 1122,000 ft.-lbs. would be consumed for the discharge 
of the air against pressure, whilst there would be a recovery of 80,000 
ft.-lbs. due to the expansion of the compressed air liehind a piston, 
and we have, therefore, 27,500 ft.-lbs. + 122,000 ft.-lbs. = 149,500 ft.-lbs. ♦ 
- 80,000 ft.-lbs. =- 69,500 ft.-lbs. as the expenditure of power required 
to cOol lOp cub. ft. of air 50” with cooling or condensing water at 
a temperature of 80" Fahr. 

The principles involved in the process ai*e very simple, as will be 
readily seen from the above. The main point is that the temperature 
of the substance or agent to be cooled must be raised aboVe that at 
which the water available for condensing purposes happens to be ; the 
exact amount of this additional temperature must be regulated by the 
temperatur’e at which it is required that the medium or agent should 
, on leaving the expansion cylinder. Another absolute necessity is 
the provision of a suitable cooling medium, such as water, which will 
take up the heat given ofi’ frori> the medium or agent to be cooled, 
whifh cooling or condensing water can be run to waste, or cooled 
for further use for the same purpo.se. 

Finally it must be borne in mind that all substances contain, more 
or le?js, heat ; and that as heat cannot be created, nor yet can it be 
deslroyed, a body can only be reduced in temperature by the trans- 
ference oi more or less of its heat to another body. 

The abstraction of heat, therefore, from one body and its transfer 
to another, called the refrigerating or cooling agent, is naturally the 
main function of refrigerating and ice-making apparatus, and in order 
to ensure continuity of action, the refrigerating agent — the tempera- 
ture of which must necessarily bo lower than that of the substance 
upon which it is desired to act— must be either periodically renewed, 
or suitable means r&ust be provided for the removal therefrom of the 
heat extracted or abstracted from the latter. That is to say, a 
continuously working machine comprises a heat-abstracting apparatus, 
and suital h- means for automatically renewing at the requisite intervals 
the, cooling agent or medium, or for the removal from the latter of 
the heat extracted from the body it is desired to cool, so as to enable it 
to be used over and over again in a continuous cycle. 

In short a refrigerating machine, in a few words, may be described 
as a heat pump. 
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The various inventions for refrigerating and ice-making that are 
now in use can be conveniently classified for the present purpose under 
the following five principal heads, viz. : — 

First, those wherein the more or less rapid dissolution or lique- 
faction of a solid is utilised to abstract heat. This is, strictly speaking, 
more a chemical process. 

Second, those wherein the abstraction of heat is effected by the 
evaporation of a portion of the liquid to be cooled, the process being 
assisted by an air-pump. This is known as the vacuum system. 

Third, those wherein the abstraction of heat is effected by' the 
evaporation of a separate refrigerating agent of a more or less volatile 
nature, which agent is subsequently restored to its original physical 
condition by mechanical compression and cooling. This is called the 
compression system. 

Fourth, those wherein the abstraction of heat is effected by the 
evaporation of a separate refrigerating agent of more or less volatile 
nature under the direct action of heat, which agent again enters into 
solution with a liquid. This is termed the absorption system. 

Fifth, those wherein air or other gas is first compressed, then 
cooled, and afterwards peimitted tcf expand whilst doing work, or 
practically by first applying heat, so as to ultimately produce 6old. 
These are usually designated as cold-air machines. 
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THE LIQUEEACTION PROCESS 

Use of, by the AncicntR— Varioun Machines Operating on the— General Laws 
Governing Production '-f Cold by— Principal Freezing Mixtures. 

Liquefaction, or the utilisation of the more or less rapid dissolution 
of a solid to abstract heat, is one of the most ancient method's employed 
for artificial cooling. Trie reduction of temperature of water and other 
liquids by the melting of so Itpctro is said to have been known in India 
at a very remote period, and it is on record that one Blasius Villa- 
franca, a physician of Rome, utilised it for this purpose as early as 
1550. The Romrin^^ are said U) have cooled wine by immersing the 
bottle containing the latter in % second \'essel filled with cold water 
into wliich saltpetre was gradually thiwn, whilst at the same time 

the bottle was rotated rapidly. Freezing water by the use of a 

mixture of snow or powdered ice and saltpetre was mentioned by 
L^tinus Tancredus, of Naples, in 1607, and wine by means of snow 
and common salt by Santorio in 1626. This was also, in ail probability* 
the meth<jd employed by the Esthonian tribe fop producing artificial 
cold, and freezing the dead, and liquids, as mentioned by Orosius about 
A.D. 400. 

To this class belong the numerous ordinary and well-known 
machines and apparatus employed for icing creams, lemonades, <fec., 
which usually consist of a tub constructed of wood into which a vesael 

containing the substance to be cooled or frozen is placed, and is 

surrounded by a frigorific agent, such as a mixture of pounded ice or 
snow and chloride of sodium ; or a combination of certain chemicals 
may be substituted for the former, 

*This method is also used on a more extensive scale for ice-making 
•and 'cooling, but although ice can be produced on a commercial scab 
with improved apparatus, it is still more expensive than strietiy 
mechanical methods. The best among the many forms of apparatus 
for making ice on this principle are probably those of Toselli as4 
Siemens. 



22 REFRIGERATION AND COLD STORAGE. 


In Toselli’s machine the frigorific agent consists of a mixture of 
ammonium nitrate and water, which produces a reduction of tempera- 
ture of about 40° Fahr. The apparatus requisite is one of extreme 
simplicity, consisting merely of a vessel in which the solution of the 
salt is eflPected, and a can wherein are placed a number of moulds of 
different sizes, circular in cross section, and formed with a slight taper. 
These moulds, previously filled with water, are inserted in the 
' freezing mixture, and a thin film of ice is formed round their edges iij 
a few minutes ; these slightly tapered tubes of ice are then withdrawn 
from the moulds, and placed one inside the other, thus forming a' small 
stick of ice. The relative dimensions of the moulds are, of course, such 
as to form the ice tubes suitably proportioned to admit of the above 
operation. 

In Siemens’ apparatus calcium chloride is employed as the frigorific 
agent. The dissolution of this salt in water produces a reduction of 
temperature of only about 30° Fahr., and to admit of this reduction 
being sufficient to produce ice with water at an initial temperature of 
65° Fahr., a heat interchanger is provided, wherein the spent liquor, 
which is at a temperature of about 30° Fahr., is employed to cool the 
water before it is mixed with the salt.' It will thus be seen that there 
will be a gain in reduction of temperature equivalent to the amount 
of this cooling action. The salt can be recovered by evaporation, and 
employed over and over again. This apparatus is stat-ed to have 
worked well, producing ice on a large scale in a satisfactory manqer, 
but owing to its being on the whole found to be inferior, and more 
costly than purely mechanical methods of producing ice, it has never 
come into general use. 

In an American machine, wherein ammonium nitrate is likewise 
employed as the frigorific agent, cylindrical receptacles fitting one 
within the other, so as to leave annular spaces or clearances, are 
provided. The water to be frozen is placed in the centre, the frigo* 
*rific agent in the annular spaces or clearances, so that, the first or 
outermost acts to cool the second, the second the third, and the third 
the fourth, and so on, the cold being intensified at the centre in 
ajocordance with the number of the annular spaces containing the 
frigorific agent. The series of cylindrical vessels or receptacles are 
arranged in a wooden outer casing so mounted as to be capable^ of 
being slowly revolved, and thereby promoting the more rapid dissolution 
of the salt. This apparatus is analogous to that employed many years ■ 
ago on a small scale for laboratory experiments by Walker, and by 
'means of which he succeeded in sinking the spirit' to -91° Fahr. 
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Whcii anv of the above methods are employed for refrigerating 
purposes, brine, previously cooled in the a})paratus, is circulated in the 
usual manner through a system of cooling })ij)es. 

The genejral law governing the ])rodiu:tion of cold by frigorifio 
mixtures is, that during the liquefaction of a solid, a certain amount 
*of heat not indicated by, or sensible to, the tluTinoraeter is absorbed, 
which heat is abstracted from any surrounding bodies. The absorp- 
^on of heat, consc'quently the production of cold, in the environing • 
bodies is the more marked in proportion as the solid is morc^ suddenly 
or rapidly ‘liquefied. 

The following observations on frigorific mixtures are extracted from 
a paper* on “ Refrigerating and Ice-making Machinery and Appli- 
ances, ’’ by Mr T. B. Lightfoot, C.E., M.I.C.E., who is a well-known 
authority upon the subject : “ When a substance changes i^s physical 
state, and passes from the solid to tlu^ liquid form, the force of cohesion 
is overcome by the energy m the form of heat. The effect may be pro* 
duced without change in sensible b^mperature, if the heat be absorbed 
at the :.ame rate as it is supplied from without.’ Thus, as is well 
known, the temperature of melting ice remains constant at #32° Fahr., 
an(^ any inci’case or decrea.se in' the, heat supplied merely hastens or 
retards the rate of melting without afiecting the temperature. Mixtures 
of certain salts with water or acids, and of some salts with ice, which 
forin liquids whose freezing points are below the original temperatures 
of ,the mixtures, do not, however, behave in this way ; for under 
ordinary circumstances the tendency to pas.s into the liquid form is 
so strong, that the heat is absorbed at a greater rate than it can be 
supplied from without. The store of heat of the melting substances 
themselves is therefore drawn upon, and the temperature consequently 
falls until a balance is set up between the rate of melting and the rate 
at which heat i,s supplied from outside. This is what takes place with 
ordinary freezing mixtures. The amount of the depression in tempera- 
ture appears to depend to some extent on the state or hydration of the 
salt, and the percentage of it in the mixture. Almost the only salts 
used are those of certain alkalies, few others possessing the requisite 
solubility at low temperatures.” 

Tt may be here observed that this method of refrigeration is now 
Only interesting from an historical point of view, and is not suitable 
for modern conditions, so far as commercial undertakings are con- 
cerned. Practically, therefore, the process is now only employed for 
domestic purposes and in laboratories. 

* Proceedings, fnstilution of Mechanical EnginserSf 1886, p. 201. 
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Table of Principal Freezing Mixtures. 


Composition of Freezing Mixtures (Materials previously cooled). 

Reduction of 
Temperature in 
Degrees Fahr. 

Amount of 
Fall in De- 
grees Fabr. 



From 

To 

Snow or pounded ioe, 2 parts ; muriate of soda, 1 part - 


- 5 


Snow, 5 : 

muriate of sodium, 2 ; muriate of ammonia, 1 - 


-12 

... ' 

Snow, 24 ; muriate of sodium, 10 ; muriate of ammonia, 

5 ; nitrate of potash, 5 .... 


r 18 


Snow, 12 

; muriate of sodium, 5 ; nitrate of ammonia, 5 - 


-25 


Snow, 4 ; 

muriate of lime, 5 - - - - 

+ 32 

-40 

72 

1 Snow, 1 ; chloride of sodium or common salt, 1 - 

+ 32 

0 

32 

Snow, 2 

muriate of lime crystallised, 3 - 

+ 32 

-60 

82 

gnow, 3 

dilute sulphuric acid, 2 - 

+ 32 

-23 

55 

Snow, 3 

hydrochloric acid, 5 - 

+ 32 

-27 

59 

Snow, 7 

dilute i\itric acid, 4 - - - - 

+ 32 

-30 

62 

Snow, 8 

chloride of calcium, 5 - 

+ 32 

- 40 

72 

Snow, 2 

chloride of calcium crystallised, 3 

+ 32 

-50 

82 

Snow, 3 

potassium, 4 - - - • - 

chloride of sodium, 1 • 

+ 32 

-51 

83 

Snow, 2 


-5 

... 

1 Snow, 

chloride of sodium, 2 ; chloride of ammonia, 1 


-12 


Snow, 14 ; chloride of sodium, 10 ; chloride of ammonia, 

6 ; nitrate of potassium, 5 • 


-18 


Snow, 12 

; chloride of sodium, 6 ; nitrate of ammonia, 5 


-25 


Snow, 2 

dilute sulphuric acid, 1 ; dilute nitric acid, 1 ■ 

-io 

-56 

46 

Snow, 12 

; common salt, 5 ; nitrate of ammonia, 5 

-18 

-25 

7 

Snow 1 ; 

muriate of lime, 3 - - • - 

-40 

-73 

33 

Snow, 8 

dilute sulphuric acid, 10 

-68 

-91 

23 

Chloride of ammonia, 5 ; nitrate of potassium, 5 ; water, 16 

+ 50 

+ 4 

46 

Nitrate of ammonia, 1 ; water, 1 - 
Chloride of ammonia, 5 ; nitrate of potassium, 5 ; sulphate 
of sodium, 8 ; water, 16 * > - - 

+ 50 

+ 4 

46 

+ 50 

+ 4 

46 

Sulphate of sodium, 5 ; dilute sulphuric acid, 4 - 

+ 50 

+ 3 

47 

Sulphate of sodium, 8 ; hydrochloric acid, 9 

+ 50 

0 

60 

Nitrate of sodium, 3 ; dilute nitric acid, 2 

+ 50 

-3 

53 

Nitrate o£ ammonia, 1 ; carbonate of sodium, 1 ; water, 1 

+ 50 

-7 

57 

Sulphate of sodium, 6; chloride of ammonia, 4 ; nitrate 
of potassium, 2 ; dilute nitric acid, 4 - 

+ 50 

-10 

60 

Phosphate of sodium, 9 ; dilute nitric acid, 4 

+ 50 

-12 

62 

Sulpfiat© of sodium, 6 ; nitrate of ammonia, 5 ; dilute 
nitric acid, 4 • 

+ 60 

-14 

64 

Phosphate of sodium, 5 ; nitrate of ammonia, 3 ; dilute 
nitric acid, 4 - - - • - . * 

0 

-34 

34 

Phosphate of sodium, 3 ; nitrate of ammonia, 2 ; dilute 
nitric acid, 4 - 

-34 

-50 

16 

Snow, 3 

muriate of lime, 4 - - • - 

muriate of lime crystallised, 2 - 

+20 

-48 

, 68 

Snow, 1 

0 

-66 

66 

Snow, 2 

muriate of lime, 3 • * * ■ 

-16 

-68 

63 

Snow, 8 

dilute sulphuric acid, 3 ; dilute nitric acid, 3 • 

-10 

-66 

46 

Snow, 3 

dilute nitric acid, 2 - - - - 

0 

-46 

46 

Snow, 1 

dilute sulphuric acid, 1 - 

-20 

-00 

40 

Snow, 2, 

muriate of lime crystallised, 3 • 

-40 

-73 

3$ 

finow, 8 

dilute sulphuric acid, 10 - * • 

-68 

-91 

23 


T 




CHAPTER TV 


THE VACUUM PROCESS 

Principles of — First Machine Working on — More Recent Types of Machines 

Working on. 

The abstraction of heat by the evaporation of a portion of the liquid 
to be cooled, the process being assisted by an air-pump, or the vacuum 
process, includes all such machines as operate to extract* heat % 
the evaporation or vaporisation of a portion of the water or other 
liquid to be cooled or frozen. 

The cooling of liquids on this principle depends upon the conver- 
sion of the sensible beat into latent heat during evaporation, and, in 
its most primitive form, its use is almost co-existent with that of the 
world, having been commonly employed for refrigerating purposes in 
all ages. It is obvious, however, that as a portion of the liquid to be 
cooled is permitted to go to waste, it can be only profitably applied 
direct to liquids of little or no value, such as water. 

A common example of this method in its crudest form is found in 
the ancient plan, so universally adopted in hot climates, of cooling 
water oy the evaporation of a portion of the contents of a porous 
jar or vessel from the outer surface thereof, by hanging the vessel 
in a position where it will be subjected to either a natural or an 
artificial draught. 

It is stated that the practice of procuring ice by exposing water 
to the night air in shallow porous vessels has been practised in India 
during the cool season from the remotest ages. The vessels are 
placed on a bed of 'straw, cornstalks, or megass (crushed cane stalks) 
in shallow excavations made preferably in an exposed situation on an 
extensive plain, being filled with water to be congealed or frozen; and 
iniihe' morning, provided the night be clear, are found covered with 
thin drusts of ice. 

’ This process is also said to have been practised, both in France 
and iii this country, in the latter part of the last century, with perfect 
success, so far at least as the production of ice was concerned, hut it 
failed commercially bji reason of the large expenses entailed. 

35 
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The first machine on tlie vacuum principle foi’ the production of 
artificial ice by tlie conversion of sensible into latent heat by evapora- 
tion, of which there is any record, was that invented by Dr Cullen 
in 1755, who in that year made th(' discovery that the* evaporation of 
water could be facilitated by the removal of the atmospheric pressure 
by means of an air-pump, to such a degree as to enable him to freeze 
water even in summer. 

This apparatus was the parent of all those subsecpiently designed 
for cooling and congealing liquids by their own evaporation in vacuo, 
that is to say, wherein the vaj)our is drawn olf from the partial vacuum 



Fig. 4.— -Carry’s Sulphuric Acid Vacuum Freezing Machine. Vortical Section. 

wherein it is formed, and is condensed in another partial vacuum with 
or without the help of absorbents, and is expelled by pressure. 

In 1777, Nairne found that, by the introduction of sulphuric acid 
into a receiver for the exhaust, the aqueous vapour could be absorbed 
from the rarefied air and the latter dried ; and by taking advantage 
of this discovery he was enabled, in 1810, to construct an apparatus 
wherein he got rid of the. vapour that rose from the water, and thus 
prevented it from forming a permanent atmosphere, and hindering the 
continuity of the operation. 

Further attempts were made by Leslie (1810), Vallance (1824), 
Kihgsford (1825), and others, but without any* much greater' success 
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attending their efforts, Edmond Carre’s sulphui’ic acid freezing machine 
being the first to be Commercially successful. 

This appafatus, acting to refrigerate by evaporation and rarefaction, 
and which was ^adapted to produce the carafes frappes commonly used 
in Parisian cafe's and restaurants, consists, as shown in Fig. 4, of a 
cylindrical vessel, a, intended to contain the charge of concentrated 
sulphuric acid ; an air pump, b, so arranged that it can he connected 
to the mouth of the carafe, and of an agitator, c, which is so coupled 
to the air-pump lever that it will be operated during the working of 
the piinlp in such a manner as to keep the sulphuric acid in the 
cylindrical ^'essel a continually in motion. 

The machine of course only operates inteVmittingly, but the large 
body of sulphuric acid used in the vessel A prevents a rapid loss of 
absorptive power taking place through dilution, and the Agitation 
obviates the formation of a more diluted stratum on the surface, which 
would be highly detrimental to the proper working of the apparatus. 

The chief drawback to this machine, besides its intermissive action, 
1 1 the difficulty experienced in maintaining the pump in good working 
order, and the various joints all perfectly gas-tight. 

Franz Windhausen patented in 1878 a compound vacuum-pump 
desigSed to produce ice directly from water without using sulphuric 
acid ; and likewise a modified arrangement wherein sulphuric acid 
could be employed. Tn this latter apparatus the sulphuric acid is 
coolexT by water whilst absorbing the vapour, and is subsequently 
concentrated, when it becomes over-diluted, thus obviating the necessity 
for the insertion of a fresh supply of acid. 

An improved form of this machine constructed in 1881, nominally 
capable of producing from 12 to 15 tons of ice per twenty-four hours, and 
which was first put up at the Aylesbury Dairy, Bays water, London, 
and afterwards removed to Brompton, was fully described at the time 
in a paper * written by Dr Hopkinson. 

The ice-forming vessels or moulds, which are six in number, are 
constructed of cast 'iron, circular in transverse section, and slightly 
tapered. These cans, moulds, or cases moreover are steam-jacketed, 
so as to admit of the ice being melted or thawed off and readily dis- 
engaged therefrom, and are provided at their lower ends with hinged 
doors, which, when closed, form fluid-tight joints. 

The sulphuric acid is contained in a long cylindrical vessel wherein 
rotating agitators maintain the acid in continual motion during the 
operation of the apparatus, and the cylindrical vessel is water-jacketed 
* Journal of%he Society oj Arts, 1882, vol. xxxi., p. 20. 
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SO as to carry oj0P the greater portion of the heat that becomes liberated 
. during the absorption of the vapour. 

The sulphuric acid cylinder or vessel communicates •v^ith the upper 
parts of the ice-forming vessels or moulds, and with the vacuum-pump, 
which latter has two cylinders, viz., a large double-acting one and a 
small single-acting one. 

The water is admitted to the moulds through nozzles at a regulated 
rate, the fine streams offering an extended surface for evaporation, 
and becoming instantly congealed into ice globules or particles which, 
falling into the bottoms of the moulds, are frozen, together with the 
water that collects there. 

In the operation of the apparatus the air, and any vapour that may 
pass over from the sulphuric acid cylinder or vessel, are drawn into 
the large pump-cylinder, by which they are slightly compressed and 
passed on into the condenser, wherein a portion of the vapour is 
condensed by cold water, the rest, together with the air, entering the 
second or smaller pump-cylinder, where they are compressed up to 
the tension of the atmosphere and discharged. This pump, it is stated, 
admits of a vacuum of half a millimetre of mercury being constantly 
maintained ; mm., however, being as low a vacuum as it is found 
necessary to have during actual work. * 

By the employment of a compound pump with an intermediate con- 
denser, and performing the compression in two distinct stages, the 
losses that would otherwise occur from the clearance spaces in the 
large pump are greatly reduced. 

The concentrator for the diluted sulphuric acid consists in a lead- 
lined vessel or receptacle fitted with a steam-heated coil of lead piping 
anfi connected with an ordinary air-pump. The acid is transferred 
from one ivessel to the other by atmospheric pressure, and the diluted 
or weak acid, which is at a comparatively low temperature, is heated 
on its way to the concentrator in an interchanger, by the strong 
• concentrated acid returning from the latter. 

The ice produced by this machine, like that of all those on the 
vacuum principle acting direct, is in an opaque *and porous condition ; 
and the avoidance of this defect, and the production of clear trans- 
parent Crystal ice by freezing it in moulds plunged in brine previously 
cooled by evaporation in a vacuum, would render the process too 
expensive to be commercially successful. 

The total amount of water that is used in working is from 10 to 12 
tons per ton of ice, and the fuel 180 lbs. of coal to each ton of ice 
produced ; the latter is employed in raising cthe requisite supply of 
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steam for driving the pumps, and heating the coil in the sulphuric 
acid evaporator. 

Fig. h is* a vertical central section partly in elevation showing 
Lange^s improved pump for exhausting the air from the absorber of 
a vacuum machine. As will be seen from the drawing, three pistons, 
A,* B, and c, are employed, placed in line one above the other, and 
working in three superimposed cylinders. The valves are so arranged 
that each of the uppermost cylinders draws from the one below, and 
they are sealed with oil, which latter constantly circulates through the 
pump.’ ‘The mixed oil and air, on leaving the top or uppermost 



Fig. 5.~Lang(>’s Exhaust Pump for Vacuum Freezing Machine. Vertical Section. 

cylinder, is discharged into a separator D, the air being permitted to 
escape into the atmosphere, and the oil passing into a receptacle from 
which it can be returned to the pump when required. 

Tlie vacuum apparatus for the refrigeration of a liquid by its par- 
tial evaporation, for which James Harrison took out a patent in 1878, 
is designed to produce opaque ice at a very low cost (about one shilling 
per by reducing the fuel consumption, which, as already men- 
taoned, is the chief item of expense. This is proposed to be effected 
by getting rid of the bulk of the friction engendered in the usual 
wjuum aad air pumps, and also by a saving of the fuel expended in 
concentrating the we%k or diluted sulphuric acid in the previously 
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described apparatus. The main feature of Harrison’s invention is the 
process of refrigerating by the evaporation of the liquid to be cooled 
or congealed, by carrying its vapour under a head of neutral non- 
evaporable liquid, condensing the compressed vapour at the ordinary 
temperature, and removing the resulting liquid and air by a pump. 

One form of his apparatus consists in a rotating pump or cylinder 
which seems to provide a ready means of exhausting large volumes 
of low tension vapour, without the expense of the labour entailed in 
maintaining ordinary piston packings in an effective condition, and 
the great loss through friction therefrom. This device consists, as 
will be seen from the sectional diagrammatical view, Pig. 6, of an 
iron cylinder, rotatably mounted horizontally upon hollow or tubular 



Fig. 6. — Diagram illustrating Harrison’s Rotating Exhaust Pump or Cylinder. 

shafts or axles, and divided internally into different compartments 
by longitudinal partitions of an L shape in transverse section. This 
cylinder is connected through one of the hollow shafts or axles with 
the refrigerating or ice-making vessels or moulds, which may be of 
any convenient form, and it is partly filled with oil or other liquid, 
which latter must invariably be either ‘non-evij,porable or one which 
is only vaporisable at a temperature greatly in excess of that at 
which the refrigerating liquid can be vaporised, and it must,, more- 
over, be perfectly neutral chemically to the vapour with which it 
will be brought into contact when the machine is at work. 

The operation of the apparatus is as follows, viz. : — The cylinder 
rotates upon one of the fixed hollow axles, through whiqh the vapour 
or gas to be compressed is delivered from the refrigerator or ice-making 
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vessels, and the longitudinal partitions or compartments moving round 
with their apertures downwards cany with them charges of the 
vapour, and compress them to a degree varying in accordance with 
the depth to which they dip below the surface of the liquid. After 
attaining the low('st position the compressed vapour is liberated, and 
rises into a fixed hood or inverted channel, situated centrally and 
communicating witli the other hollow shaft or axle, which is placed 
at the othei* side of tlu' cylinder, through which it passes to a surface 
coitdenser. 1 11 this sui'face condenser the compressed vapour is partially 
condensed, both by direct cooling ac.tion and also by the evaporation 
of water fiov ing over the surface, and the condensation water, together 
with any air present, is then compressed to the atmospheric tension 
and discharged. 

Several modifications are also described, viz. : — First, a serie# 
of buckets attached to eiulless chains dipping into a reservoir of the 
compressing liquid, and deliveri^ig the compressed gas or vapour into 
a reservoir. Secondly, a gasometer-shaped vessel, rising and falling 
in an annular space filled with a non-evaporable neutral liquid. The 
vessel, on being lifted, becoming filled with the air or vapour, and on 
being depressed delivering it under a head of liquid. Thirdly, a 
taperhig archimedean screw working in a reservoir of non-evaporable 
neutral liquid by which the vapour is taken in at the larger upper 
orifices, and is discharged, compressed, and liqueiied at the lower or 
sraallct* end. Fourthly, pumps with actuated valves and with 
arraitgements for complete expulsion of air and vapour. And finally, 
fifthly, laiis working in the air or vapour, and forcing it from one 
compartment into another, 01 exhausting it and forcing it into the 
atmosphere. 

A patent was obtain'd by Blyth and Southby some years back for 
a v..cuum refrigerating machine of great simplicity of design. The 
main feature of their apparatus consists in the provision of two 
pumps, viz., a large main pump and a small auxiliary one, the former 
being heated by meains of a steam jacket or otherwise. 

The'' large, single-acting, steam-jacketed vapour pump is driven 
by a crank, which is situated beneath, and is enclosed in a suitable 
cylirHriLid casing or chamber, having at one side a door or cover, 
admitting of access thereto, and so arranged that when closed it 
forms a gas-tight joint. The crank is driven by belt gearing from 
any suitable source of motive power, and the pulley for the latter 
is fixed upon the end of a shaft or spindle passing through a stuffing 
box provided upon th| opposite side, or wall, of the crank chamber, 
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to that fitted with the door or cover. A heavy balanced fly-wheel 
is also mounted upon the crankshaft, and is enclosed within this 
chamber, which, as above mentioned, is made perfectly fluid tight. 

The ice box is fitted with an automatic feeding arrangement for 
filling the ice can or case with water, which mechanism is operated 
by an eccentric upon the crankshaft, and the box is connected with 
the pump through a pipe governed by a stop-cock or valve, a similar 
cock or valve being also fitted in the pipe leading to the cooling 
vessel, and another suitable valve in the vapour exit to the condenser. 

A double-acting air or ejector pump worked off the eccentric is 
moreover provided for removing the air from, the interior of the 
machine, and a vacuum gauge for ascertaining the degree of vacuum 
produced. 

* The operation of the machine is as follows, viz. : — Any air that may 
be contained within the large pump cylinder is first pumped or drawn 
off by the small air or ejector pump, thereby producing a vacuum 
^ which is filled by vapour from the water to be frozen or cooled. The 
V large single-acting pump, which draws the vapour from the water 
through a suction valve situated in the piston, compresses this vapour 
and delivers it through the outlet or discharge valve to the condenser, 
where it is condensed by water in the usual manner, is removdH by 
the small air or ejector pump, together with any air that may have 
passed into the machine through leakage, and is discharged into the 
atmosphere. The vapour is prevented from condensing in the cylinder 
by the steam jacket, which maintains the temperature of the cylinder 
above that at which the vapour will condense into water. Were this 
not the case, and were the vapour permitted to condense in the 
cylinder, the quantity to be discharged would be so small as not to 
be capable of bejng forced through the delivery or outlet valve. 

When starting the machine, communication between both ends 
of the vapour pump cylinder can be kept open for any requisite length 
of tjnie during the first portion of the delivery stroke, so as to permit 
the air to return to the underside of the piston, and thereby lessen and 
regulate the expenditure of power required in getting up the vacuum. 
This is effected by means of a bye-pass and valve, which can be opened 
at starting, and kept open for about nine-tenths of the piston stroke, 
being closed gradually as soon as the vacuum becomes more perfect, 
,|uud altogether as soon as all the air has been got rid of. The average 
pressure upon the piston is light, not exceeding about one-sixtl^.of a 
pound. ' ^ 

In a]} the above arrangements, a portion of i;he refrigerating agent 
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itself, togetlicp with the heat it has absorbed, is rejected, consequently 
water, as the only one sufficiently inexpensive*, is invariably employed. 
Water has a* boiling point of 212“ Fahr. at atmospheric pressure, a 
latent heat of vapour of 966‘G and a tension of vapour of 0*623, and 
having so high a boiling point it requires a vacuum of *089 lb. per 
square inch to boil at a temperature of 32“ Fahr., and consequently a 
vacuum at the very least as high as this must be maintained to produce 
ice by the vacuum process. 

An improved form of Carre’s sulphuric acid freezing machine, 
adapted to be operated by hand power, is manufactured in this country 
by the Pulsomctt'r Engineering Co., Ltd. London. 

This machine is made in four sizes. The two smallest sizes only 
admit of very small quantities of ice being made, but with the two 
larger sizes, upwards of 7 lbs., «nd from 20 to 30 lbs. of ide can Hb 
made respectively in a day and with the largest-sized machine about 
80 lbs. per day. 

It is claimed that the acid, after use in these machines, is especially 
suil ible for use in soda-water making machines, as having been diluted 
slowly it has lost the bent generated by the mixture of acid and water, 
and is consequently ready for immediate serviic. 




CHAPTER V 

THE COMPRESSION P]R)CKSS OR SYSTEM 

Early History of— Principles of— Cycle of Operations obligatory in— Improve- 
nienls in — Etlior Machines— Sulphurous Acid Machines— Carbonic Acid 
Machines. 

So far the refrigeration has been effected by evaporation, tlie air gain- 
ing access under natural conditions, or by an artificial drauglit, or the 
evaporation has been accelerated by rinlucing the atmospheric pressure, 
the latter operation being next still further facilitated and rendered 
practically continuous by providing for the absorption of the vapour 
given off or evolved by means of an absorbent, such as sulphuric acid. 

More volatile liquids, however, are employed as agents, such as, for 
instance, alcohol, sulphurous and carbonic acids, bisulphide of carbon, 
gasoline, ether, inethylic and sulphuric (?ther, carbon bisulphide, methyl 
chloride, ethylene, anhydrous ammonia, Picteau fluid, tfec. 

In the* year 1 755, Dr Cullen found that, by removing the atmos- 
pheric pressure, ether and other liquids which boil at low temperatures 
would evaporate at temperatures below freezing point, with sufficient 
rapidity to congeal water brought into contact with the exterior surfaces 
of the vessels or receptacles wherein they were contained. 

In a refrigerating and ice-making apparatus invented by Jacob 
Perkins about the year 1834, compression was first introduced, the 
•volatile liquid used, according to Sir Frederick Bramwell, being one 
derived from the destructive distillation of caoutchouc. .This inven- 
tion of Perkins’ is the origin from which has sprung all those machines 
operating upon the compression principle ; that is to say, by the ab- 
straction of heat by the evaporation of a separate refrigerating agent 
of a more or less volatile nature, which agent is subsequently restored 
to its original physical condition by mechanical compression *and 
cooling. 

Perkins’ apparatus is shown in Fig. 7 in side elevation, partly iu 
vertical section, and consists simply, as will be seen from' the illustra- 
tion^ in a jacketed pan, a, clothed externally with non-conducting 
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material, and a pump, b, connectt'd to tlu‘- upper part 0^ the jacket, and 
to the first or upperrpost convolution of a coil or worm fitted in a tank 
or vessel, c, wherein coolin;,^ water can l>e freely circulated, and the 
last or lowerm.ot:t convolution of which cful or worm is connected to 
the lower part' of the jacket. The water to be frozen is placed in 
the jacketed pan, the spac'o or ch'arance between the latter and the 
jacket being partially filled with the distillate from caoutchouc, or the 
ether, oi‘ other volatile liquid inteiKhal to form the refrigerating agent. 
11 m vapour given oft' or evolved from the volatile liquid contained in 
this space or clearance is <lrawn otf from the top by the pump B, and 
is delivered conq>ressed to the water-cooled worm or coil, which is 
shown by dotted lines in the tank c, wherein it is again liquefied and 
returned from the liottom of the latter to the lower pait of the space 
01* clearance. The conqnete cycle of operations is thus continuous. 



Fig. 7. -Perkins’ E<arly Typo of Compression Machine. 


and th^ only loss of the volatile liquid used as a refrigerating agent 
that is possible is that whidi may take place through leakage. 

The system ol absorbing heat and thus producing cold, partly by 
the expansion and vaporisation or gasifying, and subsequent liquefac- 
tion, and partly by compression and cooling, is in accordance with the 
well-known law of physics, viz., that all gases during the process of 
passing frofn a liquid to a gaseous state are bound to absorb a certain 
amount of heat, and whilst returning from a gaseous to a liquid state 
to give np o” C/row off the same amount of heat. 

Whatever the refrigerating or heat-absorbing agent that may be 
uscd,*tfie following cycle of operations is obligatory in all machines 
working upon this principle, viz. : — 

' First, compression, that is the refrigei'ating or heat-absorbing agent 
* in gaseous form, is subjected to a pressure sufficient to reduce it to 
a liquid form, this pressure varying with the nature of the agent 
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and the temperature of the condensing water. During this compres- 
sion, a degree of heat is developed in accordance with the amount of 
pressure to which the gas is subjected, or to the volume to which it 
has to he reduced relatively to that of the gas, in order to produce 
liquefaction. This heat is carried off by means of condensing or 
cooling water. 

Second, condensation, during which process the heat developed 
during the above-described compression of the gas is carried away 
by forcing the latter through water-cooled pipes, the heat being 
transferred to the cooling water. At this point the gas is ready to 
assume the liquid form, in doing which an additional amount of heat 
is given off to the water. 

Third, expansion, during which the liquefied gas is admitted to 
series or coils of pipes, and being suddenly relieved of pressure, 
instantly flashes or expands into a gaseous form; in doing which, 
according to the above-mentioned law of physics, it is forced to absorb 
or take up a quantity of heat which it renders latent, and which it 
draws from the surrounding objects, viz., firstly, of course, the pipes or 
coil wherein it is confined, and secondly, such substances as may be 
brought in contact with the latter, and which it is desired to cool, as 
air, water, brine, (S:c. 

The amount of heat thus abstracted or absorbed is equal to that 
previously given up to the cooling water in the condenser, the gas 
being then ready for compression, &c., and the cycle of operations can 
thus be repeated ad infinitum. 

These three operations being essential, all machines of this class, 
however much they may differ in more or less important points of 
detail,* must perforce consist of the three main parts shown in the 
diagram. Fig.' 8, viz. ; — 

First, a compressor, a, wherein the gas is compressed in some 
suitable and convenient manner. 

Secohd, a condensing side, b, wherein the gas circulates through 
water-cooled pipes or coils or their equivalent, gives off its heat, and 
liquefaction takes place. 

Third, an expansion side, c, consisting of pipes or coils, or other 
Space, wherein the gas can re-expand and perform its work of cooling 
or refrigerating, by abstracting heat in the above-describeid manner 
“from the surrounding objects, d is a regulating valve, b is the low 
pressure gauge, and f is the high pressure gauge. r 

' It will be seen that the heat only that has been acquired by tlie 
refrigerating agent is rejected, the latter bekig used over and 
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again, the only loss, therefore, is that sustained through accidental 
leakages. 

Such liquids only, however, are capable of being used as refrigerating 
agents as pos^jess vapours capable of being liquefied under pressure at 
ordinary temperatures, lienee^ owing to the latter operation being 
an absolute essential, it is generally known as the compression process. 

The next attempt at improvement in these machines was made by 
P|‘ofes8or Twining, who obtained a patent for his invention in this 
country in 1850, and in the United States in 1853. His apparatus 
comprises an exhaust or expansion vessel, a pump, and a condenser. 
The water to be fiozen is placed in chambers or cells situated between 
thin metal pipes, })late.s, or partitions, through which circulates the 



Fig. 8.— Diagriini Tllustratirig the Operation of a Refrigerating Machine on 
thf' Compression Principle. 

vapour evolved from a suitable volatile liquid, such as ether, sulphide 
of carbon, tkc., which vapour is drawn off by an air-pump, compressed, 
condensed in a coil or worm, cooled by water, and is then returned to 
the reservoir, in which it is once more vaporised in a manner substau^ 
tially similar to that of Perkins’. In fact, as already intimated, all 
machines of tJiis class are bound to operate upon the same principle 
as that of the latter inventor, and can only differ therefrom in details 
of construction of more or less importance 

It is stated that a machine of Twiniug’s, of a capacity designed to 
produce 2,000 lbs, of ice in twenty-four hours, wag in operation m 1855 
in Cleveland, Ohio ; and that, although working under 
serious disadvantages,* it did actually produce 1,600 lbs, of ice p^ ' 
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twenty-four hours in a tolerably satisfactory manner, and was in use 
off and on for about three years. 

Another machine, which comprises certain further iinprovements 
on Perkins’ apparatus, was invented and patented by James Harrison 
in the year 1856. 

The novel feature claimed especially, in Harrison’s compression 
machine, is the evaporation of volatile liquids in vacuo, and the reduc- 
tion to a liquid form in a .separate ve.ssel by pressure. The essential 
parts of his a{)paratus consist of three vessels connected by tubes, a 
vacuum being established throughout the apparatus, and the air being 
expelled by the vapour of ether, ammonia, -or other volatile liquid. 
The first vessel is charged witli the volatih' li(|uid ; the second vessel 
contains a pumping and compressing apparatus, by means of which 



Fig. 9. — Harrison’s Klher Compression Machine. 


the vapour is withdrawn from the first vessel and forced into a third ; 
and the third or last vessel is immersed in water or kept moist, so that 
the heat generated by the compression and liquefaction of the vapour 
may be, carried off. The resulting liquid passes into the first vessel 
to be again evaporated under diminished pressure, and again with- 
drawn, compressed, liquefied, and returned, the process being capable 
of indefinite prolongation, until the apparatus be either injured or 
becomes worn out. 

The general arrangement of an improved Harrison machine 'Con- 
structed by Siebe Gorman & Co., is shown in side elevation in Fig. 
wherein a is the steam-engine cylinder; b is the pump or compression 
cylinder, which is kept cool by a suitable water jacket; c is the 
refrigerator, which consists of a copper cylind®,r, fitted with sets of 
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copper tubes arraugeci horizontally ; i) is the ether (condenser, which 
is composed of sets of copper tubes also arranged horizontally in a 
wooden tiin£ or casing, and cooled by a cir’culation of water. 

Suitable c(,mnections are pi’ovided between the refrigerator 0 , pump 
B, and condenser d. 

The refi'igerating agent employed in this ap})aratu8 is sulphuric 
ether, which is the result of the action of sulphuric acid upon vinous 
alcohol, and which has a specific gravity of 0’720, a latent heat of vapor- 
isation of 105, a specific gravity of vapour of 2 ‘24 as compared with air, 
and fhe boiling point of which is 90“ Fahr. at atmosjiheric tension. 

The liquid sulphuric ether is delivered from the condenser D to the 
refrigerator 0 , through a pipe fitted with a stop-cock, by means of 
which the amount admitted can be nicely adjusted to the capacity of 
the pump B. The weigh r of ether capable' of being drawn off by the 
pump n is dependent u]k)T' the pressure at which evaporation takes 
place, its it is perfectly obvious that the denser tlu^ vapour, the greater 
+ he weight di*awn off at each stroke of the pump. 

In ordci to ensui'c this apparatus working up to its fullest capacity 
the boiling point of the sulpliuric ether must be so regulated as to 
impart the exact rcdin^tion of bunperaturc desired, consequently the 
pressure at which 'waporation is caused to take place depends upon 
the degree of bmiperature to which it is reijuired to lower the brine. 

The amount of water requiri^d to be passed through the ether 
condenser d, for cooling purposes, naturally varies in diffei’ent climates, 
and in a^. ‘ordance with the season of the year ; in this country it is 
stated to bo about 150 gals, per hour for each ton of ice produced 
per twenty-four hours. The liquefaction ot the vapour is said to take 
place with (jooling wat(‘r at the temperature usually obtainable here at 
a pre‘=‘sure of some 3 lbs. per square inch above that of the atmosphere ; 
ill a hot climate, however, a very much higher pressure is required, 
rising sometimes to as much as 12 lbs, above that of the atmosphere. 

The apparatus, when employed for making ice, is provided with an 
ice-makirrg tank, usually fitted with copper moulds ; or, when used for 
refrigerating purposes, it may he connected with a system of cooling 
pipes. Tl'< jrine circulation is maintained by means of a suitable 
pump,* and the brine, which is, as a rule, reduced to a temperature 
of about 10° Fahr, during its passage through the sets of tubes in the 
refi'igerator c, is returned, after circulation, to the refrigerator to 
he re-cooled. The sets of tubes in the refrigerator are so arranged 
that the brine to he cooled circulates througli them successively, being 
thus gradually reduced in temperature. 
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When employed for cooling water or other liquids, the liquid 
is usually passed at once through the refrigerator c in place of the 
brine. 

In Charles Tellier’s apparatus, which was designed some years later, 
the refrigerating agent employed is methylic ether, which liquid has a 
latent heat of vaporisation of 473, and which enters into ebullition at 
tension of the atmosphere at a temperature of from 20“ to 25° below zero 
Fahr., whereas sulphuric ether, employed in the improved Harrison 
machine, as before mentioned, boils at 96° Fahr., a difference of about 
121 °. 

Methylic ether is the result of the action of sulphuric acid upon 
ligneous alcohol, that is to say, alcohol distilled from wood. To obtain 
methylic ether, sulphuric acid is mixed with ligneous alcohol in equal 
proportion, and heated until the ether is evolved, carrying with it a 
number of bye-products, such as sulphurous acid, carbonic acid, and 
empyreumatic vapours, which must be eliminated by passing the impure 
vapour through or over liquids, <fec., by which they will become ab- 
sorbed and retained. For instance, by passing the adulterated vapour 
over potash, the carbonic and sulphurous acids will be retained by 
the alkali, the aqueous vapour being at the same time carried away 
mechanically. 

In the distillation of methylic ether on a large scale, a great diffi- 
culty would be experienced, under ordinary conditions, in getting a 
liquid, having so low a boiling point as - 25° Fahr., to flow through 
the requisite pipes. To overcome this difficulty, Tellier designed the 
special apparatus illustrated in sectional elevation in Fig. 10, wherein 
the vapour, after purification, is brought back to a liquid state by 
pressure, and is thus rendered manageable. 

In the drawing, a, b, c are large cast or wrought iron drums or 
receivers ; d is the purifier ; e is a special pump which sucks off the 
purified vapour and delivers it through the worm f in a liquid state 
*into a set of receivers g, which latter are capable of withstanding a 
very high pressure, and from whence it can be drawn off, and will- 
flow through the rest of the apparatus as easily as water. 

Tellier’s apparatus for the production of cold is shown in elevation 
in Fig, 11, wherein a is the refrigerator; b is a receiver or vessel in 
which the methylic ether ia evaporated; c is the pump for drawing off 
the vapour from the latter ; and d is the condenser, which is fitted with 
a suitable worm or coil. The vaporised methylic ether is either em- 
^oyed to lower the temperature of a solution of brine, by passing it 
y through a series of tubes situated in the ref rigerator and plunged in 
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the latter ; or it is carried on and permitted to expand in a suitable 
syg m o; pipes, and so act direct to reduce the temperature of air- 
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compression and liquefaction, the gas raises the tubes to a very high 
temperature, sometimes even approaching to a red. heat. , 

The liquefaction of the methylic ether in the worm or coil of the 
condenser d gives rise to a certain amount of pressure, and to allow 
for this, and at the same time to permit a supply of the liquid to pass 
from the condenser to the evaporator n as required, an expansion 
valve or distributor, the construction of which will be readily under- 
stood from the enlarged sectional view, Fig. 12, is employed, e is 
the aperture through which the liquid methylic ether is delivered to a 
small chamber or recess F. n is the outlet aperture, the upper portion 

of which is' bifurcated as shown at 
(d, and which communicates with 
the refrigerate]’, ii is a valve 
having two recesses which 

correspond with the holes or aper- 
tures ob and which valve is 
mounted on a spindle i, which is 
capable of being rotated through the 
bevel or mitre gearing k, and shaft L, 
and works upon a suitable seating 
in the bottom of the reccjss or 
chamber F. During the revolution of 
the valve H in the chamber f, which 
latter is always maintained fijll of 
liquefied methylic ether, the recesses 
become filled with the latter, and 
every time that the recesses register 
with the corresponding holes or ways 
nb the liquid contained therein falls 
by gravity into the latter and passes 
’away to the refrigerator through the outlet G. 

About the same time as the preceding, an ether machine was 
patented by Della BefFa and West, which comprised a multitubular 
refrigerator in which the ether was volatilised, a double-acting air or 
vacuum pump exhausting this vessel and pumping the ether vapour 
into a condenser; and likewise a special form of the latter fbr con- 
densing the ether vapour. ^ ' 

The following particulars regarding an ether machine are given* by 
Mr Lightfoot as being the result of actual experiments made in this 

* Proceedings, IndituUon of Mechanical Engifiters, 1886, p. 214. 
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Fig. 12. — Expansion Valve or 
Distributor pf Tellior's Methylic 
Ether Machine. Vertical Section. 
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country, ami serving to show what may be expected under ordinary 
conditions : — 

I 

1‘roduction of ice per twenty -four - - 15 tons. 

,, . per hour . . - . l,4(X)lbH. 

Kcat ahstiHcted lu ico-making, per hour - *245,000 units. 

• J iKhcated horHc-power in steam e^dinder, exeludiiig that 
rc(|Uirod foi <iivulating the cooling water and for 
woi king cranes, &e. - - - - 831. It. P. 

^ Indicated lioi^e-fK»W(“r in ether pump - - 40^1.111*. 

'I’liermal eipnvalent of M'ork in <‘ther pump, per houi 1 19,201 units.* 
hatio of -Hork in pump to \\t»rk m i(;e-making - 1 to 2*05. 

lcin[»crature of water entt'i mg condenser - - 52"’ Fahr. 

Mr Frederick Colycr, C.E., M.T.C.E., stalest that he obtained the 
following results with a first-clnss apparatus wJien testing the working 
of some of the leading (dher macliines, viz.: “In an ether machine 
niadi' by Messrs 8iche Gorman it Co., capable of cooling 3,200 gals, 
of water from GO" down to 50 , or abstracting 320,000 heat units* per 
hour, the average experiments gave 4,250 gals, per hour cooled 10" 
tain*. 4die temperature of the water at the inlet was 54", and that 
of tlie water us(^(l for condensing purjio.sos was the same. The maxi- 
mum cooling etrectiHl was 449,437 heat units* abstracted ])er hour, 
btung from 35 to 40 ]»cr cent, above the nominal po ver of the machine. 

eondeiising water used per hour was 1,262 gals., or about thi*ee 
tenths of a gallon fur every gallon of water cooled. The coal consumed 
was 2 1 cwt. per hour ; it was of indifferent (|uality, or the consump- 
tion Avoul(. have been smaller. The steam cylinder was 21 in. diameter 
and 27 in. stiokc, the air-pui- p 24 in, diameter and 27 in. stroke. 
The speed of the engine was fifty-eight revolutions per minute, with 48 
lbs. t»f steam cut off at on(' third of the stroke. Hie indicated power of 
the ergme was >3 JH.F., and of the air-pump, 29*2 H.P. The boiler 
was 7 ft. diameter and 24 ft. long, and gavti an ample supply of steam. 

This, he stated, was the most efficient ether machine that had come 
under his notice at that date, and contained several improvements not 
usually foflnd in others of the same class. 

.According to the same authority the ether system is more expensive 
than tlie a'Miu )nia system (wliich latter will he considered in the next 
chapter), especially in London where coal is expensive, and water has 
frequently to be obtained from the water companies. The latter item 
is ’undoubtedly in this case one of considerable moment, as water is 

* A thermal unit is that amount of heat reijiiired tu laLse the temperature of 
1 lb. of water F hy the Fahrenheit scale M'lien at 39 4 . Mee. eq. 778 ft. -lbs. 

t ProceedtiiyH, imtihUimn of Mechanical Engiwertf^ 1880, p. 248. 
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required in larger quantities for condensing purposes in the ether system, 
and consequently the high temperature which it sometimes attains in the 
street mains during the summer months becomes a matter of serious 
importance as regards the economical working of the machines. 

Other objections to the use of ether as a refrigerating agent are, 
that, owing to its low vapour tension, a very large volume has to be 
circulated to perform a given refrigerating effect, thus abnormally 
increasing the dimensions of the apparatus ; rapid deterioration under 
repeated vaporisation and re-condensation ; and finally that it is 
extremely inflammable and explosive. On the other hand, however, 
it is possessed of the quality of working with a low pressure in the 
condenser, which renders its use advantageous in hot climates. 

Modern types of ether machines will be found dealt with in 
another chapter. 

Van der Weydens (American) apparatus comprises exhaust and 
force pumps, a cooling coil and two refrigerators, the latter also acting 
as reservoirs for the condensed liquid. The most usual refrigerating 
agents employed are naphtha, gasoline, rhigoline, or chimogene.* 
The water to be frozen is placed in moulds or vessels plunged in 
other vessels containing glycerine, and which latter are surrounded 
on the outside by cyrogene. The naphtha, gasoline, rhigoline, or 
chimogene is evaporated by means of an air-pump and forced through 
the refrigerator, the evaporation of the cyrogene abstracting sufficient 
heat to form ice. 

In Raoul Pictet’s machine sulphur dioxide or sulphurous acid 
(SOg) is employed as a refrigerating agent. Sulphur dioxide is 
prepared by burning sulphur in dry air or oxygen gas, or by removing 
the elements of water, and an additional atom of oxygen from sulphuric 
acid by heAting it together with copper clippings or mercury. The 
purification of the resultant gas is effected by washing, and it is 
^jollected either by displacement, or over mercury. If> is completely 
'"colourless, has the overpowering odour of burning sulphur, neither 
supports combustion nor lespiration, is 2 247 times heavier than air,, 
is easily condensed, is liquefiable by cooling down to 14° Fahr. under 
ordinary atmospheric pressure, and congeals into a transparent solid 
at temperatures below - 168° Fahr. This gas deviates considerably 
from Boyle’s law of pressures, and occupies less space for equal 
increments of pressure than does air under like conditions, this 
variation becoming more marked as the temperature is- reducbd. 
Sulphurous acid is extremely soluble in water, one volume of the 
* Knight’s “Practical Dictionary of Mechanics.” 
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latter at a temperature of 50'" Fahr. being capable of dissolving 6T38, 
and at 68“, 36*22 volumes of the former. It has a molecular weight 
of 65 and a 'density of 32. The latent heat of vaporisation of this 
liquid is 182, apd it boils at a temperature of 14“ Fahr. at the tension 
of tlie atmosphlu e. 

In Pictet’s apparatu.s the refrigerator and ice-tanks are combined, 
the circulation of tlie brine being effected by means of a fan, and the 
space occupied is thus considerably reduced, the etticiency being also 
somewhat augmented. 

In 1885 Pictet applied for a British patent for an improved 
material for use in refrigerating apparatus wherein anhydrous sulphur- 
ous acid i.s employed, consisting of the admixture with the latter of 
carbonic anhydride. The sealing, however, was successfully opposed 
and consequently no patent was granted for this invention. 

The employment of sulphurous acid is objectionable, by reason of 
its liability to become converted, by combining with the constituents 
of the atmosphere, into sulphuric acid and to corrode the machine. 
Modern machines using this agent are described in another chapter. 

In a patented machine of Windhausen’s the refrigerating agent 
employed is what is indifferently known as carbon dioxide (COg), 
carbonic anhydride, or carbonic acid, which material is gaseous at 
ordinary temperatures, and under ordinary pressures, but which 
liquefies at a pressure of 540 lbs. Carbonic acid gas does not burn, 
neitljer supporting combustion nor respiration. 

Windliausen’s apparatus is fitted with a pair of compressors placed 
in line with steam cylinders the compound type, arranged side 
by side with a surface condenser between them. The gas condensers 
are situated in the base of the machine, and a separate refrigerator 
is provided in connection with each of them, constructed of coils 
of wrought-iron pipes mounted in a steel casing, wherein the brine 
is circulated. The duplicate portions of the machine are usually so 
arranged as to admit of either of them being worked separately, or 
lx)th togd;her, if desired. This is advantageous inasmuch as it rendcjrs 
the apparatus practically equal to two independent or separate machines, 
and affonb’ ti'c same immunity from a complete breakdown. The later 
patterns of this machine, which will be found described in another 
chapter, comprise several patented improvements by J. & E. Hall, Ltd., 
who are also the proprietors of the original Windhausen patent. 

Fig. 13 is a vertical central section, some of the parts being 1«^; 
in elevation, showing the Windhausen compressor for treating the gah ' 
in two stages. Figs, 44 and 15 are enlarged views, showing 
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clearly the details of construction of the inlet or suction valve, and of 
the outlet or dischar*ge valve. As will be seen from the illustration the 

inner cylinder a is surrounded 
by an annular space com- 
municating with the former 
through the valve d ; c is 
the inlet which communicates 
with the cylind(‘r a through 
a suitable valve, and through 
which the gas to l)e com- 
pressed is di'awn or suckl'd 
into the cylinder ; n is th(' 
piston, and K is a valve through 
whicli the annular space or 
clearance round tlie cylindi'i* 
A communicates with a pipe 
leading to the condenser. 

In operation the gas is 
jirimarily drawn into the 
cylinder A, through the inlet 
valve 0 , wh('re it is compressed, 
and discharged through the 
valve 1) to the abovi'-mi'n- 
tioned annular space, wherein 
it is finally cornpi’essed by the 
oil shown in the latter and 
the cylinder A, which com- 
municate at their lower ends through suitable holes or apertures, 
and which oil forms a liquid piston. After this second and final com- 
pression the gas is discharged through the valve E to the condenser. 

, Another machine adapted for the use of carbon dioxide as a 
refrigerating agtmt is found in that of Lowe. It comprises.a gasometer 
or gas-holder, a pump, a condenser or cooler, a drier charged with 
chloride of calcium, a water-cooled condensing coil, and a refrigerator 
or ice-making tank. In operation the gas is admitted t-o the pump, 
liquefied under the action thereof, and the heat thus generated is 
absorbed or taken up in the^ cooler, after which it is allowed to expand 
into the refrigerator, where it acts in the usual manner, and is finally 
returned to the gas-holder. 

A number of other refrigerating machines on the carbonic acid or 
carbonic anhydride system will be found described in another chapter. 



Fig. -Original Type ot Windhausen 
Compressor, with Liiiuid IMstmi, for treating 
the (las in two Stages. Vertical Section. 
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Carlwiiie acul, cai’boii dioxide, or carbonic anhydride (CO.,) is 
completely inodorous*; incombustible ; an<l has the further advantage 
that, as it Infs no affinity for co}>per, it can be used with that metal 
with impunity. This is an important quality for mai'ine installations, 
and consequently it lias been used to a large extent for that purpose. 
Ofi the other liand, liowever, its presence in quantity is fatal to animal 
existence — an obj(‘(*ti<)n, liowever, sliared by most of the other agents 
used- and it has the further drawback tliat witli the cooling water 
at a high temperature, it requires a considerable pn'ssure to liquefy it, 




Fig. 1 4 . — Suction V'alve of VVind- 
liauaen Comprossor, for treating 
the ( las in two Stages, 


Fig. 1.5, — Outlet or Discliargo Valve 
of Windhausen Compressor, for 
treating the (las in two Stages. 


viz., with "Condensing water at a temperature of 70“ Fahr. it would 
require a pressure amounting to about 1,000 lbs. per square inch. 

Carl^onift e id or carbon dioxide must not be mistaken for the 
still more deadly gas known as carbon monoxide or carbonic oxide 
gas (CO), the inhalation of even a minute quantity of which will 
pr6duce death. Sir Henry E. Roscoe, F.R.S., gives the vapour tension 
of carbon dioxide or carbonic acid, at 35*5 atmospheres at a temperature 
•of 0“ Cent. (32“ Fahr.), and at 73*5 atmospheres at a temperature of 
30° Cent. (86° Fahr.). • 



CHAPTER VI 


THE COMPRESSION PROCESS {contiinml) 

Ammonia Machines — IVoperties of Ammonia— Cycle of Operations — Wet and Dry 
Compression Principle — Construction of ( las Comj)re8sor8 — Various PJxampleB 
of Modern Machines. 

A REFRIGERATING agent now very largely employed, and considered 
by many the most efficient one known at present, is anhydrous 
ammonia (NHg), which has a molecular weight of 17 and a density of 
8*5. This liquid boils at 40® below zero Fahr. at atmospheric pressure; 
it has a latent heat of vaporisation of 900, and a vapour tension of 108 
lbs. per square inch at a temperature of 60® Fahr. Gaseous ammonia 
can be liquefied at a pressure of 128 lbs. to the square inch at a 
temperature of 70® Fahr., and at a pressure of 150 lbs. at a temperature 
of 77® Fahr., the pressure required to produce liquefaction rising very 
rapidly with the temperature. To liquefy by cold it requires to be 
reduced to a very low temperature, viz., - 85*5® Fahr. The latent heat 
of ammonia is very great, consequently its value as a refrigerating 
agent is proportionately large. Anhydrous ammonia is manufactured 
which contains only *025 per cent, of moisture. 

The only , alterations required in an ether machine to render it 
suitable for use with anhydrous ammonia as a refrigerating agent, are 
those made necessary by reason of the higher pressure of its vapour, 
and of the . injurious action which it exercises upon copper, which 
causes the use of brass or gun-metal in any ef the parts with which 
either the liquid or the vapour comes in contact to be undesirable. 

This latter quality is a serious drawback to its use for marine 
work, as is also its inflammable and irritant nature ii!i case of an escape. 

The chief advantages derived from the use of anhydrous afnmonia 
as h refrigerating agent are that it possesses greater heat-absorbing 
;i|j^er than any of the others named, excepting water ; t^t it jhquefl^s 
at a comparatively low pressure ; and that it is not as eA:plosive or ^ 
as inflammable as ether. 
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Ainriioiiiii is, howiivor, very far from being innocuous and safe, and 
due precautions siiould bo taken to avoid accidents where it is in use. 
It is a colourless irrespirable gas, having an extremely pungent, pecu- 
liw, and easily recognisable odour, and it is also slightly combustible 
when mixed witli a sufficient ])roportioii of air, burning feebly with a 
tiame of a greenish-yellow liue, and when mixed with about twice its 
volume of air, being capable of exploding with considerable violence. 
From this it will be ck'ar that it is absolutely essential that no part 
of a*n ammonia a]j})aratus should have a naked light inserted into it, 
until it' has been open and exposed to the air for a sufficient time to 
render the presence of such light harmless. The tendency of ammonia 
gas, owing to its being only half the Aveight of air, is to rise when set 
free, so that there is the less likelihood of any person who might chance 
to be near when an ammonia pipe happens to burst, or a bad leak kf 
take place, becoming overpowercid oy the gas. 

Another objectionable fcatuie of ammonia, which has been already 
alluded to, is its very strong action on copper and its alloys, by reason 
ol which no such material can be employed for any part of an ammonia 
machine. 

Common ammonia ol commerce is a .solution of ammonia gas in 
water, and its usual strength is 26° Beaume. Anhydrous ammonia 
is pure dry ammonia gas compressed to a liquid, and it is manu- 
factured by the distillation of the ordinary 26* ammonia of commerce 
in a suitable apparatus. This apparatus, which should be of sufficient 
strength to stand a pressure of 65 lbs. on the square inch, comprises 
a still, a c( ndensei’, three separators, and a drier or dehydrator. 
The still is heated, by a suitable steam coil, to a temperature of 
al)out 212" Fahr., when the ammoniacal gas, together with a certain 
amount of water, passes off into the first separator, which latter is 
usually situated on tlu top of, and forms an upward extension of, 
the still. In this first separator the greater portion of the watery 
particles carried over are eliminated by a series of perforated plates, 
through which peiiorations the gas has to pass, and are returned 
to the still Hirougli a dip pipe. From this first separator the partially 
drit'd gas passes through a water-cooled worm in the condenser, and 
then success’', through the two other separators to the drier or 
the. dehj^drator, where it is passed through a set of similarly perforated 
plates to those in the first separator, but haAdng small sized lumps 
of freshly burnt lime placed upon them, by which any moisture that 
•may still remain in the gas is removed, and the completely anhydrous 
product (^n then be pas^d into the ammonia pump or compressor. 

4 
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It is found advisable to work the still at a pressure of about 
30 lbs. to the square inch, so as to admit of ‘its being raised to a 
slightly higher temperature than the boiling point of ^tater at atmo- 
spheric pressure, without causing the water to boil, the result of 
this being that the whole, or practically the whole, of the ammonia 
will be set free, whilst at the same time the least possible amoftnt 
of the water will be vaporised and pass over with the ammonia gas. 

To ascertain whether or not all the ammonia has been eliminated, 
two methods of testing the charge in the still are usually practised. 
The first is to draw oft' a small quantity of the charge, and' if this 
fails to turn litmus paper, then the charge is exhausted, and all the 
ammonia has been driven off. The second is to allow a small amount 
of the ^as leaving the still to escape through a small cock or valve 
Especially provided for the purpose, when if this gas be tested with 
turmeric paper, and if this latter remains unchanged in colour (yellow), 
the charge is completely spent ; if, however, the paper on the contrary 
turns of a brown hue, there is still some ammonia left. 

After the distillation is finished the water remaining in the still 
should be run out, and as soon as the temperature of the latter is 
sufficiently lowered it can be again charged. The water accumulating 
in the second and third separators, being saturated with ammonia 
gas, may be returned into the still when recharging the latter. The 
amount of ammonia w^ater, however, that becomes deposited in the 
separators will be very small if the pressure in the still is mainjbained 
at about 30 lbs., as above-mentioned. 

The lime in the drier or dehydrator must be removed whenever 
it is found to have become in any degree slacked. 

Commercial ammonia of 26'' Beaume contains 38*5 per cent, of 
anhydrous ammonia by volutne, it is therefore easy to calculate from 
this the quantity that it would be necessary to distil in order to 
produce any given amount of anhydrous ammonia. 

Ammonia gas or vapour is, owing to its searching nature, very 
•troublesome to deal with, even at a low pressure, consequently this 
difficulty is greatly increased by the comparatively high pressure or 
tenuity that is obtained in a compression machine, and which rises 
jn the condenser to as much as 180 lbs. per square inch. Liability to 
leakage of the ammonia gas at the pump glands and other parfs of -the 
apparatus forms, therefore, one of the objections to the use of ammonia 
as a -refrigerating agent, and the means employed to prevent this 
leakage one of the chief points of difference between ammonia and ether' 
machines. Another difficulty to overcome is *he liability to an impec- 
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feet discharge of the gas from the compressor-pump, and the expansion 
and consequei\t back pressure of that remaining therein. 

The most important part of an ammonia machine working on the 
compression principle, and indeed of all apparatus wherein a volatile 
liquid is compressed, is the gas compressor. In ammonia machines 
both single and double acting compressors are employed. A single- 
acting compressor has the advantage when working with a gas of the 
tenuity of ammonia, owing to its only carrying the lesser pressure of 
the suction side over the stuffing box, of preventing the stuffing box 
from being subjected to the high pressure of the condenser, which 
is unavoidably done at the termination of each stroke in a double- 
acting compressor, and on this account the chance of leakage is, of 
course, greatly reduced. On the other hand, however, it is Dbviouif 
that a double-acting compressor must be more advantageous from an 
economical point of view, inasmuch as ic deals with nearly twice the 
amount of gas at each revolution of ^he crankshaft that a single-acting 
compressor of the same diameter and stroke is capable of operating 
upon. Moreover, the same amount of friction is engendered in each 
case (although with a double-acting compressor double the duty is 
being performed), at least, so far as regards the friction of such moving 
parts as the crosshead, piston, and connecting-rod — which friction 
causes no inconsiderable loss, for to overcome friction power has to 
be expended, and waste of power means loss of fuel, money. But 
in a double-acting compressor a considerable amount of extra friction 
is caused by the necessity of working with a tighter gland. Taking 
everything into consideration, however, it is estimated that the amount 
of saving effected in a machine having two gas compressors may be 
placed at one-eighth of the whole amount of power required for com- 
pressing the gas. A further economy is that a double-acting compressor 
is capable of perforaiing the work of a pair of single-acting ones of the 
.same size, and consequently there is a saving in the first cost of the 
apparatus and in space occupied. 

The construction of a gas compressor for operating with ammonia 
does not, as already mentioned, vary in any very material point from 
that of one intended to work with ether, and, however much they imy 
differ frqm another in minor points of detail, they all work upon 
theTollowing broad principles, viz. : — 

The gas compressor, which is operated by a steam engine or other 
^suitable motor, draws the gas or vapour from the evaporating coils or 
tubes of the refrigerator after it has performed its duty of cooling, com- 
presses it on the return stroke of the piston, and forces it into a system 
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or series of pipes or eoils in the' condenser, in which coils, under the 
cooling action of wat(‘.r, it resumes its liquid form. From the, condenser 
it is again passed in tlu; liquid sttite, through a minute opening of 
the expansion or regulating cock, into the evaporating coils or tubes 
of the refrigerator, wherein it again expands into gas or vapour, owing 
to the diminished pressure there prevailing, by reason of the sucking 
action of the gas compressor. The j)ressure in the pipes or coils in the 
refrigerator is usually maintained at from 15 lbs. to 30 lbs., wjiilst 
that in the condenser, as above mentioned, may rise as high as 180 lbs., 
the former depending of course on the amount of opening given to the 
expansion cock. The liquid ammonia passing suddtmly from the above 
high pressure of the condenser to the comparatively low pressure in 
»the refrigerator, instantly flashes into gaseous form, and whilst doing 
so, in conformity with tlu^ well-known natural law, is forced to absorb 
a quantity of heat which it renders latent ; this it does from the 
surrounding objects, which in the present instance are either the pipes 
. or coil in the refrigerator, and the brine circulating round the latter, 
or when used for cooling on the direct system, the sets of refrigerating 
pipes into which it is passed and the surrounding air. 

In order to avoid any chance of accidents occurring through the 
machine being started with all the valves closed, a suitable relief or 
safety valve and by-pass should invariably be provided. 

Expressed generally, then, the cycle of operations in machines on 
the ammonia compression system is the same as that of those described 
in the preceding chapter, viz., compression, condensation, and expan- 
sion ; and these machines, no matter how they may differ in more or 
less imporbint points of constructional detail, must all likewise con- 
sist of three different parts, viz., a compression side, a condensing side, 
and an expaiision side (see Fig. 8). The operations are rendered con- 
tinuous by suitably connecting all tho.se sides or parts together so that 
the gas passes through them in the above order. 

Ammonia compression machines are operated on two systems, viz., 
wet compression and dry compression, and as regards the respective 
merits of the,se systems theoretically, considerable diversity of opinion 
seems to exist. In practical work, however, it will be found that what 
are termed dry compression machines — for reasons given below — are 
worked more or less wet, and, therefore, the efficiency as regards this 
pqint is about the same in the case of both types of machines. 

When intended to work on the wet compression system the expan- 
sion cock or valve is adjusted in such a manner that the vapour will 
come back to the compressor in a supersattfi’ated condition, witli the 
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result that this surcharges of liquid becomes evaporated during the 
compression stage, al)Sorbing the required quantity of heat, and main- 
taining a' correspondingly low temperature in the compressor cylinder. 
An obvious objection to this method of working is the constant 
liability of too- large a quantity of liquid finding its way into the 
compressor cylinder, the result of wliich would be the filling of clear- 
ance spaces with liquid ammonia, which latter would re-expand upon 
the return strok(' of the piston, and bike up space which is required 
for'the reception of tlie in (lowing gas or vapour. 

With a machine adapted to work on the dry compression system, 
the expansion cock or valve is so adjusted that the whole of the liquid 
ammonia admitted to the expansion coil will become expanded into 
gas or vapour, and tlie latter consequcmtly reaches the compressor 
cylinder in a dry condition, superheating taking place during Compres- 
sion. It will 1)6 observed that this plan admits of the full value of the 
liquid ammonia being utilised for purposes of refrigeration, a draw- 
back being experienced, however, by reason of the higher pressure 
which becomes necessary to liquefy the ammonia, and the larger 
amount of heat generated which calls for special cooling arrangements 
for its removal. For this reason in this system compressors are, as 
before' mentioned, usually worked partly wet. 

The principal qualities to be sought for in a compressor in order 
to ensure the maximum amount of efficiency are : — As complete a dis- 
charge from the compressor cylinder of the gas during compression as 
is practically feasible, and the removal during compression of the 
greatest possible amount of heat from the gas. Amongst other points 
of importance are the perfection of the means provided for preventing 
any leakages taking place at the stuffing box, pistons, and valves, and 
of those for ensuring the proper lubrication of the working parts of the 
machine. 

Of these desiderata the first is the most important, and it is thus 
specially desirable to see that the compressor possesses all the requisite 
conditions to ensure its fulfilling its purpose in the l)est possible 
manner. One method of effecting the desired object is by the injec- 
tion of a certain amount of sealing oil into the cylinder at each stroke 
of the piston, which oil forms what is called a liquid base. The injec- 
tion of* ttns oil serves not only the purpose of sealing the piston, but 
also lubricates the latter and the valves, and prevents leakage at the 
stuffing box, and that, moreover, owing to the small amount of such 
• sealing oil that is employed, without appreciably reducing the capacity 
of the machine. 
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The practically complete discharge of the charge of ammonia from 
the compressor cylinder, at each stroke of the. piston, can also be 
ensured by allowing the latter to work right up to the heads without 
clearance. In the ordinary form of compressor this would of course 
give rise to a great liability of knocking out the cylinder head in the 
event of any foreign body or obstruction obtaining access to the 
cylinder, but such action is rendered pt>ssible with perfect safety by so 
arranging the head that it is loose, but normally retained in position 

by means of suitable springs. "In 
this manner the head forms prac- 
tically a large relief valve adapted to 
open should the pressure in the com - 
pressor cylinder from any cause exceed 
that requisites to produce liquefaction 
of the ammonia gas. 

The diagram, Fig. 16, which is in- 
tended to represent the cylinder of 
a single-acting compressor, illustrates 
the loss due to clearance space. As 
is well known, according to Boyle’s 
or Harriot’s law the volume (5f gas 
will vary in an inverse proportion to 
the pressure. Assuming, then, that 
the pressure of the gas on entering 
the cylinder a be 20 lbs. per square 
inch, and that of the condenser 180 
lbs. per square inch, it will be seen 
that if the piston B is moved into the 
po.sition shown in dotted lines at 
through a stroke of 9 in., and neglect- 
ing loss of heat during compression, 
the pressure of the gas will be in- 
creased nine times, whilst its volume 
will have become, at the same time, correspondingly reduced to 5ne- 
ninth of its original volume, and this pressure of 180 lbs» per square 
inch is that at which it is required that the gas should leflive the 
cylinder a. 

If the clearance space left between the piston b at the termination 
of its stroke and the cylinder head c be 1 in., it is obvious that the 
' gas at a pressure of 180 lbs. per square inch left in this clearance 
apace will re-expand until the pressure becomes reduced or decreased 
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Fig. 16.— Diagram iHiistiating 
Loss due to Clearance Space in 
Compressor Cylinder. 
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to a ninth of what it was originally, or to 20 lbs. per square inch, 
whilst the volume will, at the same time, be increased to nine times 
what it was before'. It will be seen tliat in such a case as the above 
the inch of gas at 180 lbs. pressure would rti-expand into 9 in. of 
gas at 20 lbs.* pressure, and that consecpientl}" the entire efficiency 
of the compressor would be lost, as this back pressure in the cylinder 
of 20 lbs. per square inch is that of the entering gas, and would thus 
render impossible the entrance of any more gas. Were the stroke of 
the piston n, on the other hand, to be the full length of the cylinder A, 
so that no clearance be left at its termination between it and the 
cylinder head, it will be seen that all the gas would be expelled from 
the cylinder when it reaches that point, and consequently its efficiency, 
so far as this is concerned, would be practically perfect. In practice, 
however, it is found impossible to construct ordinary cojnpressors with- 
out a certain amount of clearance at the termination of their strokes; it 
becomes necessary, therefore, to hnd out what is the minimum amount 
that can be allowed compatible with safety of working, and also how 
best to arrange the clearance so that the loss due to it will represent as 
small a percentage of the entire work of the compressor as practicable. 

Obviously, whatevo'j* the space in the cylinder that will be occupied 
by the gas left in the clearance space after it has re-expanded to 
a pressure of 20 lbs. per square inch on the return stroke of the 
piston, the space thus occupied will represent the loss of efficiency. 
Say, for example, that we have a cylinder of 10 in. in diameter, 
by 10 in. stroke, and that a clearance of one-eighth of an inch be left 
at the termination of the stroke, with this clearance filled with gas 
at a pressure of 1 80 lbs. per square inch, the space filled by this gas 
on the return stroke of the piston, when the gas remaining over has 
expanded down to a pressure of 20 lbs. per square inch, will be IJ in., 
and the loss of efficiency will consequently be equal to about 11 per 
cent. If, however, we now assume that the diameter of the cylinder 
be still retained at 10 in., whilst the length of stroke be doubled, or 
increased to 20 in., the loss of efficiency will obviously be reduced to 

per cent., ^whilst by again in like manner increasing it to 40 in., 
and subsequently to 60 in., it will be reduced to 2| per cent., and 
If per eent. respectively, and so on, the greater the ratio between the 
diameter and the stroke the less will be the loss of efficiency due to 
the clearance left in the cylinder at the end of the stroke of the 
piston. 

In actual practice, however, there is a limit to the amount of the 
ratio between the diameter and the stroke that can be used with due 
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regard to economy of working. The pi‘actic(* in this riispect amongst 
builders of refrigerating machinery varies considerably, some employ- 
ing a ratio of two to one, whilst some others use less, and others again 
more. Mr Peter NefF, from whose articles upon “ Mechanical Refri- 
geration ” (New York Kmjinepr)^ much of this information has been 
derived, recommends, as the result of his experience, a stroke of three 
times the diameter as being that giving the most favourable results. 

Another important point is to see that no unnecessary amount^ of 
clearance space be left at the inlet and discharge valves. In tlie case 
of a single-acting compressor of the vei-tical type, this is a com- 
paratively easy matter, as the inlet valve can be arranged flush with 
the top of the piston, and tlie outh^t or discharge valve flush w'ith tlu' 
head of the cylinder, thereby reducing as far as possible' loss from the 
re-expansion of any gas remaining between the seats of the valves 
and the interior of the cylinder. This difficulty is not, however, by 
any means so easily overcome in a, doubh'-acting compressor of the 
horizontal type, although many mo»v or less ingenious arrangements 
have been devised for the purpose, om^ of the most efficacious of 
which is perhaps that wherein cages containing tlie valves are so 
mounted in the cylinder that the seats of th(' valves will be bi’ought 
into close proximity with the interior of the latter. 

Even in the case of the best possible designs of compressors of 
the ordinary type, there must be an unavoidable appreciable loss of 
efficiency from back pressure, but, on the other hand, they are of very 
much simpler construction, and can be built considerably cheaper than 
those provided with special means for avoiding, or rather minimising, 
this loss, whilst at the same time they are found to be perfectly well 
able to perform the work required of them. It must also be borne in 
mind that upon the engineer in charge of the plant, and the care which 
he expends to see 'that the valves are working satisfactorily, &c. (fee., 
depends to a considerable extent the greater or lesser efficiency of the 
compressor under his charge. 

In the De La Vergne type of ammonia compressor, which is made 
in this country by L. Sterne k Co., Ltd., the characteristic feature 
consists in the patented system for preventing the occurrence of any 
leakage of gas taking place past the stuffing box, piston, and * valves, 
and of extracting the heat from the gas during compression, "l)y the 
simple device of injecting into the compressor, at each stroke, a certain 
quantity of oil or other suitable lubricating fluid. By means of this 
sealing, lubricating, and cooling oil, not only are the stuffing box, 
piston, and valves effectually sealed, and theTieat developed d tiring 
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compression taken up, but all clearances are entirely filled up. This 
latter is a matter of great importance, as it ensures a complete dis- 
charge of the gas from the pump cylinder, and obviates the above- 
mentioned loss of power and efficiency. 

This metho’d^ of sealing the stuffing box and piston enables the 
leakage and consequent introduction of air into the pump, or drawing 
(>ut or wasting of a volume of the refrigerating gas at each alternate 
stroke of, the piston, to bo effectually prevented without necessitating 
the packing of the piston and gland S(^ tightly as to bind and set 
up an excessive amount of friction, the power required to overcome 
which has been sometimes found to exceed that necessary to perform 
the entire work of compression. Moreover, when working constantly 
against a pressure of from 125 to 180 lbs., it is obvious that the 
slightest wear would causi' a considcu’able leakage of gas to take place 
past the piston into the adjoining chamber, and like difficulties would 
also be encountered with the valves, allowing the gas to regain access 
to th(' pump cylinder by leaking past the discharge valves, or to be 
readmitted to the suction side past the corresponding valves. The 
losses occasioned in this manner through abnormal friction, and the 
reduction in efficiency and loss of valuable material through leakages, 
constitute in some machines a very large item, and are the chief cause 
of failurii to give satisfactory results. 

It is claimed by the inventor that th(‘. oil injected into the 
comp,ressor cylinder for the above-mentioned sealing purposes not 
only effectually overcomes the above difficulties, but also acts in a 
more efficient manner to absorb or take up the heat generated during 
compression by the mechanical energy exerted by the compressor piston 
or plunger upon the gas than does a water jacket to the cylinder and 
hollow water-cooled piston and rod, the useful effect of which latter is 
to a great extent prevented by the thickness of metal required in a 
pump destined to work at a high pressure. In order to ensure the 
highest efficiency in a compressor, it is essential that the heat generated 
by the act of compressing be eliminated as far as practicable, as other- 
wise this heat, by expanding the gas itself during compression, in- 
creases its volume, and consequently necessitates an opening of the 
discharge^ valve prior to the time that would be required were the 
gas cooled during compression. It is obvious that all the energy 
expended in effecting such premature discharge of the increased 
volume of gas is so much loss. 

The oil used is of a special quality, wffiich is unaffected by the 
chemical action of the* ammonia, it being absolutely essential that it 
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he of a nature that muU not saponify, and that it be also capable of 
withstanding both extremes of heat and cold. 

Fig. 17 is a vertical central section, showing a double-acting 

compressor on the De La Vergne 
system, fitted with' Louis Block’s 
patent arrangement of valves, the 
main object of which is to secure 
the discharge of the oil at the 
lower end of the cylinder taking 
place immediately after all the gas 
is gone and not before, as in the 
latter case re-expansion will take 
place, resulting in^loss of efficiency 
of the pump. To effect this, two 
valves are provided in the lower 
end of the compressor cylinder, 
one above the other. 

Either or both of these valves 
may open on the down stroke of 
the piston, until the latter covers 
the upper one, when only the 
lower one is left open to the con- 
denser. During the remainder of 
the stroke of the piston, after the 
lower valve is also closed, the 
other or upper one opens com- 
munication with an annular cham- 
ber formed in the piston. In the 
bottom of this annular chamber 
are provided, moreover, valves 
which open as soon as all the other 
outlets from -the underside of the 
piston are closed, to ensure which 
they are loaded with springs, so 
arranged as to require soniewhat 
more pressure to open them than 
the discharge valves on the side of 
the cylinder. The gas, and after- 
wraijds the oil, then all pass out through the piston, no trace of the 
former being present at the completion of the down stroke. In thif 
manner the oil system of sealing can be advantageously retained, kn^ 



Fig. 17. — Double-Acting Vertical 
Type, I)e La Vergne Ammonia Com- 
presBor. Vertical Section through 
Compressor Cylinder. 
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the pump will work as well at the lower side as the upper. Fig. 18 is 
a view illustrating the complete machine, which is driven as shown by 
a horizontal tandem condensing engine. 

A complete installation of a refrigerating plant on the De La 
Vergne ammonia compression system is shown in side elevation in 
Fig. 19, from which view the circulation of the ammonia and sealing 
oil can be easily traced, viz. : — 

Firstly. Following the path taken by the ammonia, in order to 
produce the frigorific ('fleet, a is tlu^ compressor cylinder, which is 



tig. 18. Double-Acting Vertical Type De La Vergne Ammonia Compressor and 
Horizon tol Tandem Cunden.sing Engine. Side Elevation of Complete Machine. 


of the double-acting type, and similar in construction to that shown 
drawn to a larger scale in Fig. 17 ; and r is the steam-engine cylinder, 
which is ai;ranged horizontally, as shown in Fig. 18. B is a pipe 
through which the gas is drawn or sucked from the evaporating coils 
into the ^compressing cylinder a. The gas is then discharged by 
tbfe action of the compressor A through the pipe c into the pressure 
ta'nk D, where the sealing oil or liquid, the course of which will be 
next followed," falls to the bottom ; the upper half or portion of the 
* pressure tank being fitted with suitable cast-iron baffle or check 
plates serving, to moise completely retain the oil and ensures its* 


6o REFRIGERATION AND COLD STORAGE. 



Ammonia Compression fSj^stem. 






THE COMPRESSION PROCESS OR SYSTEM. 6i 


deposition. From the pressure tank D, the gas, whicli still retains the 
heat due to compression, passes through the pipe e into the bottom 
or lower pipe of the condenser f, wherein, by tlie cooling action of cold 
water running .over the pipes, the heated gas is first cooled and then 
liquefied. The ammonia, in this liquid condition, is then led by the 
sinall liquid pipes o, through the liquid headci- ii, into the .storage 
tank 1, from whence it flows through the pi})e J into the lower part of 
the separating tank k, whicli latter must be constantly maintained at 
the very least three-quarters full. L is a pii>e of small bore, through 
which the liquid ammonia is forced, by reason f)f th(^ pressure to which 
it is now subjected, to the expansion cock or valve, through which it 
is injected into the evaporating or expansion coil n which is situated 
in the room or chamber to be refrigcirated or cook'd. 

The ammonia gas resulting from the expansion and evaporation of 
the liquid ammonia in the evapo ating or expauusion coil N, having 
absorbed or taken up the hct from tlu' surrounding atmosphere, 
passes away through the pipes <; and B, back again into the compressor 
cylinder, and the cycle of operations of compressing, tfec., are again 
p(;rformed as above. 

Secondly. Following the course of the oil employed for sealing, 
lubricating, and cooling purposes, which, as previously mentioned, is 
heated with the ga.s during compression, and is passed into the tank 
D, to the bottom of which it falls. From the bottoni of the tank D, 
the heated oil is conducted through a pipe a to the lowermost pipe 
of the oil-cooler ?>, which is practically similar in construction, but on 
a smaller sctde, to the ammonia condenser, and is likewise cooled by 
sprayed or atomised cold water. After being suthciently reduced in 
temperature in the oil-cooler 6, the oil flows through the pipe c, stiainer 
0 ?, and pipe into the oil-pump _/, whicli latter is so constructed that 
it delivers the cooled oil into the compressor, distributing it to either 
* side of the piston or plunger during its compression stroke, that is 
to say, in such a manner that no oil is furnished during the suction 
stroke of the piston, but only during the time of compressing, thereby 
cooling the ''gas during its period of heating. The heated oil, after 
leaving the compressor, then again returns, together with the hot 
compressQtl gas, to the pressure tank n, and follows the same round 
through the oil-cooler 6, strainer d, and oil-pump J\ back to the com- 
pression cylinder. It will be obvious that the oil, as well as the 
ammonia, is used over and over again, no loss or waste of either 
* taking place except that which may occur through leakage. 

Any small quantifies of oil, however, that may be carried over. 



62 REFRIGERATION AND COLD STORAGE. 


with the current of the gas from the pressure tank d into the condenser 
F, pass along with the liquid ammonia into the separating^ tank K, 
where, by reason of its greater weight, this oil falls to, and collects 
at, the bottom of the tank. As soon as a sufficient quantity of oil 
has become thus deposited, it is drawn off and passed through the 
oil-cooler back into the oil-pump. The oil reservoir or tank is also 
connected to the oil-pump f. 

When the apparatus is employed for the manufacture of ice, the 
evaporating coils n are placed in a tank containing brine, sufficient 
space or clearance being left between them to admit of the insertion 
of ice cans or moulds containing .the water to be frozen. In this 
instance the steam used for driving the motor, after doing its duty 



Fig. 20. — Diagram taken from Single-Acting Do La Vergiie Ammonia Com- 
pressor, without Sealing, Lubricating, and Cooling Fluid. 

in the steam-engine cylinder r, is led through the exhaust pipe s into 
a steam filter and coniienser, where it is purified and condensed. Tlie 
purified condensation water then passes from the condenser into 
a water regulator tank, and from the latter through a water-cooled 
coil of substantially similar construction to that of the ammonia 
condenser p and oil-cooler 6, and finally is delivered into the ice cans 
or cases, which are usually constructed of galvanised iron, through 
• suitable inc^a-rubber hoses, fitted with stop-cocks or valves. 

When the water in the ice cans or cases is frozen, they are lifted 
out and transported by means of the^ overhead travelling crane to the 
di^tank or a sprinkler, where the blocks of ice are thawed or melted 
out, after which the empty c^ns are refiUbd with water throu^ 
^hosCi and the process of making other blocks of Ice is commenced. ^ 
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The vai’ious parts are clearly indicated upon Fig. 19, and the 
paths taken by the* ammonia, the sealing, lubricating, and cooling 
oil, and the s'team are shown by the arrows. 

The advantages derived from the use of the sealing, cooling, and 
lubricating liquid in the compressor cylinder will become very apparent 
oh a comparison of the diagram shown in Fig. 20, which was taken 
from a gas compressor worked without employing the liquid, with 
that shown in Fig. 21, which was taken from a similar compressor, but 
with the charge of liquid. 

The diagram shown in Fig. 20 was taken from a 14-in. x 28-in. 
single-acting gas compressor, working with a direct pressure of 157 lbs., 
and a back pressure of 20 lbs., and at a speed of thirty-six revolutions 



Fig. 21. — Diagram taken from Single- Acting l)c La Vergne Ammonia Com- 
pressor, with Scaling, Luhrioating, and Cooling Fluid. 

per minute, no sealing, cooling, and lubricating liquid being used. 
A indicates the adiabatic curve, and b the isothermal curve. 

The adiabatic curve is, as is well known, that curve which would 
be produced were the air or gas to be instantaneously compressed, .that 
is to say, without transmission of heat, and the isothermal curve is that 
which would 'tesult if it were possible to compress the same without 
raising its temperature at all. In actual working the curves obtained 
fall bet7Wee» the adiabatic curve and the isothermal curve. 

• It will be seen by an inspection of this diagram that the com- 
pression curve, which by right should approach the adiabatic curve A, 
on the contrary falls into close proximity to the isothermal curve b, and 
^ indicates the existence of a leakage past the piston of 15*2 per cent, of 
the gas being compressed, and, as is shown by the curved line, which 




64 REFRIGERATION AND COLD STORAGE. 


is produced by the re-expansion of the gas filling the clearance between 
the piston and compressor head or cover, a further loss from the latter 
source of 7 ’4 per cent., that is a total loss of 22‘6 per ceilt., due to not 
employing the liquid. The horse-power shown on this indicator card 
is 44. 

The diagram shown in Fig. was taken from a similar compressor 
running at the same speed, and working at 150 lbs. direct pressure, and 
with a back pressure of 27 lbs. The actual power indicated by this 
card is 48. The horse-power measured to the adiabatic curve a equals 
53 '6. The horse-power saved by employing tlu^ sealing, lubricating, 
and cooling liquid is 5 ’(3 for each compressor, or in a machine having 
two compressors a total saving of 11 *2 H.P. The efficiency of the 
compressor is 98'6 per cent, of its theoretical value, a result attained 



Fig. 22.— Diagt am taken frojii Double-Acting De La Vergne Aiinuonia Conipi'c.ssor, 
with (Scaling, Lubricating, and Cooling Fluid. 

by the use of the liquid. The efficiency of the compressor, as indicated 
by the card shown in Fig. 20, is only 77 per cent, of that indicated by 
the card shown in Fig. 21, the loss being the result of the tion-uso 
of the sealing liquid. 

Fig. 22 shows a diagram taken from a 12-in. x 24-in. double-acting 
gas compressor, I’unning at a speed of thirty-four revolijitions per 
minute, and fitted with Louis Block^s patent improvements, whicli 
latter have been already described on pages 58 and 59. 

The steam cylinder actuating the above-mentioned 14-in. x 28-in. 
gas compressor, whilst the diagrams -shown in Figs. 20 and 21 were 
being taken, was 18 in. x 42 in., and was working under a steam pres- 
801*6 of 68 lbs. per square inch, the speed being, of course, the same ^ 
as that of the gas compressors, viz., tliirty-six revolutions per minute. 




• 66 REFRIGERATION AND COLD STORAGE, 


Indicator diagrams taken from this steam cylinder showed on the 
card an initial pressure of 65 lbs., and the mean effective pressure of 
tfee diagrams equalled 32*4 lbs. The horse-power developed was 63, 
and the expansion line approached so close to the theoretical curve 
as to show that the cut-off valve worked well, thus effecting a great 
economy in steam consumption. 

Fig. 23 shows a horizontal t 3 q)e of belt driven Sterne ammonia 
compressor of the latest design. The valves, as will be seen from the 
illustration, are arranged in the end covers of the compressor, and are 
placed in cages so as to admit of their removal without there being 
any necessity for disturbing the compressor joints. Special attention 
has also been paid to the reduction of the clearance spaces to a 
pinimuni so that the greatest possible efficiency may be obtained. 

Machines on the ammonia compression system are made by a 
number of other firms, both in this country and abroad, certain 
specific improvements being claimed to give to each of them some 
particular advantage. It would be impossible in this little work to 
give extended descriptions of these machines, or, indeed, even to make 
brief mention of all of them. The following, however, are the most 
salient features of some of the principal amongst them : — 

The characteristic feature in the Frick machine is the means 
adopted for permitting the compressor to be safely worked without 
clearance, and thereby ensuring the complete, or practically complete, 
discharge of the gas therefrom. Two forms of compressors constructed 
on this principle are illustrated in Figs. 24, 25, and 26. 

Referring to the drawings, a is the compressor pump piston, in 
. which is placed the suction valve b, which is of ample area, and is 
balanced by a spring ; the piston working metal to metal against 
the top cylinder head without clearance, c is the inlet for the 
ammonia gas, and d is the outlet way through which the compressed 
gas is discharged from the pump barrel or cylinder through the 
. aperture /ind valve in the dome, f is a jacket surrounding the pump 
cylinder, and into the clearance or space thus provided, a constant 
stream of cold water is kept circulating, so as to take i^p as much 
of the specific heat of compression, and of the latent heat, through the 
wall of the cylinder as possible, and thus obviate superheating’ thereof, 
oka relief valve situated in the cylinder head, which valve in Fig.* 24 
akorforma the discharge valve, andTs acted on by springs b and o^, 
the fitst being compressed for the ordinary discharge, and the second 
when the safety device comes into operation. In the arrangfempnt^ 
idiown in Fig. 25, which is that used in the fcirge machines, the relirf 
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valve G is normally retained upon its seating by the powerful springs 
g\ and the ordinary discharge or outlet valve d is situated centrally 
in the latter. * i is the piston rod stuffing box. K is an oil reservoir 



Fig. 24.-^mall Single-Acting Vertical Type Frick Ammonia Compressor. 

• Vertical Central Section through Cylinder. 

and hand pump for lubricating the piston rod, and through the small 
pipe and valve l the pump cylinder 'when required, which is usually only 
when starting a new na^hinp, or one that has been standing for a 
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conHiderable tiino ; the latter also servos for the ^attachments of an 
indicator, to enable indicator diagrams to be take^n from the pump. 

It will be seen that tlie compressors in question are ‘of the single- 



acting type, the pistons are long, and are each provided with carefully 
fitted rings, and the arrangement of the stuffing boxes and glands 
shown, moreover, is such as to render the escape of gas round |ihe' 
piston rods practically impossible under proper*working conditions. 
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The two patterns of compressors are constructed upon a substantial!}’' 
similar principle ; that shown in Fig. 24 being the form of construction 
employed in the case of small machines, and that in Fig. 25 in large 
ones. In both arrangements the discharge valve, relief valve, together 
with the guides, speeder, and false seat, are entirely self-contained and 
independent of the pump cylinder, rendering it possible to expedi- 
tiously replace the whole mechanism by a new one, or to speedily 



Fig. 2t>.— Large Single-Acting Vertical Type Frick Ammonia Compresaor and 
Horizontal Steam Engine. Sectional Elevation of Complete Machine. 


execute any necessary repairs. It will be seen that the valve 
mechanisnucan be easily got at, it being only necessary for that purpose 
to remove the light pump head. Fig. 26 is a vertical central section 
showing the complete machine. 

The operation is as follows : The suction valve b being, as before 
mentioned, of very ample area and balanced by a spring, affords no 
resistance to the passag# of the gas upon the return or backward stroke 
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of the piston, but allows of its flowing freely and rapidly into the pump 
cylinder, through the gas inlet c, under the action- of the back pressure, 
to the vacant space above the piston. The rapid closing of the suction 
valve B at the instant of the piston beginning its forward or up-stroke 
is ensured by a cushion spring, and the gas is gradually compressed 
until it equals the condensing pressure acting upon the discharge 
valve in the relief valve located in the cylinder head, which then 



Fig. 31. 


Fig. 32. 


Diagrams taken from Frick Compressor. 


to admit of its escape to the condenser. TheFe being n6 
dearance between the piston a, when at the termination of the upward 
or forward stroke, and the cylinder head, practically no gas remains in 
the cylinder to re-expand on the return or backward stroke* of the 
listen, and destroy the vacuum. 

It will be seen that it is rendered possible to do this with perfect 
safety, as in the event of any foreign body or obstruction getting 
' ^aoddentallyjietween the piston a and the cylcndar head, the Wive W 
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movable portion o of the latter, which is of the full dimensions of the 
pump bore, will give- way and allow the compressed gas to pass into 
the dome, and thence to the condenser, the movable portion or relief 
valve G being returned to its seat, under the action of the spring 
Gh and the back pressure. Under normal conditions, however, this 
relief action does not take place, the discharge, as already mentioned, 
being effected through the preliminary opening of the relief valve, 
or through the smaller discharge or outlet valve D, which is usually of 
steel, and is fitted upon a seat in the centre of the movable portion of 
the head or relief valve g. 

Were no provision, such as the above-described relief valve or 
safety head g, provided, and any obstruction to become accidentally 
interposed between the piston and the cylinder end, not only would 
the latter be knocked out, and serious damage to the mechanisfn ensuft, 
but the full charge of ammonia, gas, wliich in a large machine is worth 
a considerable sum, would be lost. 

Figs. 27 to 32 show several indicator cards taken from Frick 
compressors, the originals of which are in the possession of the 
company. It will be noticed on an inspection of these cards that they 
show sharp corners and straight vertical lines, which is the indication 
of a practically perfect non-clearance pump ; furthermore, it will be 
seen that the horizontal lines are very straight, and the compression 
curves demonstrate great regularity, which latter features indicate 
perfect, or practically perfect, action of the valves. 

In practical working spring safety heads of the type just described 
are apt to give trouble owing to the difficulty of adjusting the springs 
to work under the variations of temperature to which they are exposed 
within the compression cylinder, and also by reason of the liability of 
dirt or other foreign bodies becoming lodged upon a seating when the 
head is raised, and preventing it from forming a tight joint upon its 
return to its normal position. Mr Arthur G. Enock has endeavoured 
to obviate these objections, and at the same time to provide a spring 
safety device which will admit of the piston being worked in the 
compressor absolutely without clearance, and which device, being 
located externally to the cylinder, will be unaffected by the variations 
in temperstture caused by compression of the working agent therein. 

Mr’ Enoch’s compressor is fitted for the above purpose with the 
sitfety device, shown in section in Fig. 33. 

In the construction of this machine, the crosshead is provided wif^ 

' a short extended trunk in which is placed a powerful spring. The 
piston rod is provided *with a disc screwed upon it which butts npc^ * 
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the top of the spring, and a cap 
employed for attaching the latter 1 



Fig. 33. —Vertical Section through 
Crosshead and Cylinder, “Knock” 
Patent Comprossor. 

seen' imd examined, and the spri 


or cage encircling the piston rod is 
> the crosshead trunk. The pistons 
are so placed that, at the end of 
the compression stroke, they make 
metallic contact with the cylinder 
h(^ad, when a slight compression 
takes place upon the spring of the 
crosshead, and the lost motion is 
taken u}) at this point. This not 
only secures immunity from danger 
of knocking out the compressor 
head or damaging the piston and 
piston rod, but also allows the 
valve an extra moment for closing, 
and it will be readily seen by 
reference to the drawing that the 
back rush or “ slip ” of gas as the 
piston commences the suction 
stroke will be entirely prevented. 
]n Fig. 34, which is a direct re- 
production from a photograph of 
the actual parts, the crosshead, 
spring, and cap are shown removed 
from the machine. 

It need hardly be pointed out 
that this machine should pump a 
good deal more gas with a given 
compressor capacity than is pos- 
sible in any of the other types, as 
it would not only discharge the 
whole of its capacity, but it would 
not allow of any back leakage. 
This, the inventor avers, has been 
found to be actually ‘the case in 
practical work, and to be proved 
beyond doubt by severe and ex- 
tended trials. The crosshead 
"trunk has vertical slots in it 
through which the spring can be 
ig is only subject to the ordinary 


temperatures found in an engine-room. 
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The lift and fall of the suction and discharge valves are vertical, 
and there is consequently no lateral wear and tear of any kind, and 
the valves ami valve seats are cut from special pieces of solid tool 
steel, and are consequently subject tf) very little hammering out. 

The compressor jacket is provided with a .spiral or helical annular 
space, through which the jacket water circulates, and considerable 
velocity is thus secured to the cooling water, and a much more rapid 
transfer of heat takes place. It is also impossible for air or gas 



Fig. 84— Safety CioMshead.s and Springs. Ennck’a Patent CompreBsor. 


bubbles to adhere to the outside walls of the compressor cylinder, and 
this is in itself a valuable improvement. 

This safety crosshead is applicable not only to vertical machines 
of the type shown in our illustration. Fig. 3.3, but also to horizontal 
machine^ fhr single or double action, and where sufficient headroom 
is not available for vertical compressors the same type of machine is 
made of an horizontal pattern. It is also successfully applied to com- 
pressors of the inclosed type .such as that illustrated in Fig. 35, which 
• is suitable for refrigerating aUd ice-making plants on a small scale, and 
is made of capacities varying from one quarter of a ton to five tons of 



Fig. 35. — 5'ton “ Enock ” Patent Compressor, Inclosed Type, with Coupled 
Vertical Steam Engine. 


pistons. This construction does away with the expense and annoy- 
ance consequent on the escape of refrigerant through pump rod glands, * 
and it also secures the operation of the machine with the. smallest 
possible expenditure of power, on account of the absence of extenijive 
fi^otion upon the pump rods. 

The lubrication of these inclosed compressors is automatic through- 
out and the machines have been run for extended periods ' without* 
any' attention in this direction. The crankshaft runs in a bath of t^il, 
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which is contained in the lower pai*t of the compressor body, and both 
bearings, connecting-rod, and piston are automatically lubricated from 
the crankshaft. 

The suction and discharge valves are so arranged that immediate 
access can be obtained to them by simply removing the top cover of 
the machine, which can be done without breaking pipe joints. The 
suction and discharge pipes are provided with the ordinary stop valves 
and hand-wheels, and also with a set of by-pass valves and pipes so 



Fig. 36. — 20-toii Open Type Compressor, fitted with Enoch’s Patent 
Safety Crosshead. 


arranged tha£ the refrigerant can be drawn from one part of the 
system and stored in another. 

A cert^n amount of oil will always find its way out of the discharge 
valves in a properly lubricated compressor, but owing to the special 
arrangement of the crankshaft and pistons very little oil gets through 
in tilis machine. An oil separator of a special type is, however, 
•employed as a safeguard, the gas being discharged downwards through 
a seiies of perforated ba>file plates, and then rising again through the 



76 REFRIGERATION AND COLD STORAGE. 

slots in these baffle plates, which effectually separate and retain any 
oil which may have been discharged with the compressed ammonia. 
The gas itself passes out of the top of the separator, afld tbence into 
the condenser. Whatever oil is sepai*ated in this way is returned to 
the bottom of the compressor body by an arrangement of valves and 
pipe connections. 

Fig. 36 illustrates a 20-ton open type of York pattern machine, 
fitted with the “ Enoch ” patent safety crosshead. 

As regards the position of the valves in the Enoch compressor, the 
suction valve is placed in the piston, and the discharge valve in the 
pump head. By placing the valves in these positions a very large 
valve area is obtained, and in order to get sutticient opening for the 
free passage of the gas, it is only necessary for the valve to lift a very 
short distance. The advantages of this are twofold, the first being 
that while the piston is performing the downward or suction stroke 
the gas can flow into the pump easily and without any bach pressure 
being set up. Second, owing to the slight lift necessary with the 
largo valve, but little beat upon the seat takes place. The same 
remarks apply to the discharge valve, and with a very free passage 
for the discharge of the compressed gas, the pump can be worked 
with the least possible expenditure of power. Another point*is that 
of the rarefaction, or otherwise, of the gas as it enters the pump 
during the suction stroke. In the Enoch compressor the suction valve 
being placed in the piston and the cold gas always coming into the 
pump at the bottom, the entrance of the gas into the pump at the 
lowest possible temperature is ensured. The gas increases in volume 
as it increases in temperature, and if the temperature is kept as low 
as possible the weight of gas pumped at each stroke is greater than 
it would be if the gas is rarefied on entering the compressor. 

Fig. 37 shows the pattern of ammonia compressors of the 
inclosed type adopted by Mr Enoch for the machines of 32 J tons 
and 65* tons. 

The larger (32J tons and over) machines on test show a volumetric 
efficiency of 97 per cent., and work almost silently. The lift on the 
valves is only about in. All valves and seats are cut out of 
solid steel, and the machines are balanced so that when required they 
can be run at much higher speeds. The condensers and evaporators 
are of the “heat-interchanger” type, the hot gas enters at the top, 
and the cold water enters at the bottom. Consequently the liquefied 
ammonia goes out at about GT, with water going in at 60°. .This* 
is a great 'advantage, because on an ordinaiiy evaporative condenser 
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with water going on at 60’, the liquid ainriionia rarely comes off 
under 75°. 

The same f)rinciple applies to the evaporators, which are of the 
double-pipe “heat-interchanger” type, the ammonia flowing through 
in the opposite direction to the flow of the brine. Consequently the 
cooled brine comes down within 2° or 3° of the temperature reprasented 
by the back pressure of the ammonia. This enables a very high back 
pressure to be carried for a given brine temperature. 

Fig. 38 is a sectional elevation of the Enock self-oiling compressor, 
midget t 5 ^e. In this machine the gas comes in through the suction 



Fig. 37.— Enock Inclosed Type^65 ton Compressor. 

stop-valve A down suction pipe b, and into pistons c through the holes 
in upper ends. As piston descends, gas passes through suction valve 
D and (as pisJ;on ascends) is compressed through discharge valve B, 
along passage f up discharge pipe p (shown partly behind suction pipe 
b) past discharge stop -valve g into condenser coils ii. The water 
running ‘over coils cools the gas and causes it to condense, and the 
resulting liquid ammonia passes out through small pipe .t into a 
receiver (not shown) and is ready to do its cooling work again in the 
expansion coils. The crosshead spring K allows the crankshaft l to 
press the pistons against the discharge valve seating v, and thus to 
expel all the gas with perfect safety. The suction and discharge valyes 
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can be taken out and examined with ease, and in a few minutes by 
taking off the top cover of the machine. Working parts are lubricated 
by the oil bath, which being under slight pressure Also effectually 
seals the packing joint m (the only place where ammonia might other- 



Fig. 38 .— Knock Self-oiling Compressor, Midget Type. Sectional Elevation. 


Viib escape) and thoroughly lubricates the crankshaft bearing. The 
packing bush n is pressed up by the packing nut o which is threaded, 
? And eannot be set up unevenly like an ordinary gland bust. 

p And* loose pulley Q are supported by an extra bearing 1ft, 
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go ho strain ever comes on the packing m. Two plugs, ss, am pro- 
vided for finding height of oil in bath without opening up chamber, 
and no gaugd glasses are necessary. Oil is put in at plug T. 
The feet of machine and outer bearing are planed on underside and 
mounted on a strong rigid cast-iron bed plate u, the whole being very 
compact. 

The ammonia compression machines designed by Carl Linde, and 
first patented in 1870, are extensively used, and this type of machine 
is said to give very good results. 

In the Linde compound ammonia compressor the high and low 
pressure pistons are both coupled to the same piston-rod, and an 
intermediate chamber connected with the suction and back pressure 



Fig. 39. —Linde Horizontal Type Compound Ammonia Compressor and 
Compound 8 team Engine. Plan View. 


side connects the cylinders. The pressure of the gas at its inter- 
mediate stage is conducted by a suitable pipe from the front of the 
low pressure piston to the rear of the smaller cylinder, where it acts 
on the smaller piston in the reverse direction, and directly balances an 
equal area of the large piston. 

Fig. 39 is a plan view showing a compound ammonia compressor, 
combined with a compound ste^m engine. In the drawing m is the 
high pressure cylinder, and n the low pressure cylinder of the com- 
pound steam engine, and o is the low pressure cylinder, and p the high 
pressure cylinder of the ammonia compressor. 

In this machine it will be seen that the entire power of the engine 
is applied to one crankf and the compressor is driven off the other 
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crank. This arrangement entails the provision of a very powerful 
crankshaft and bearings to admit of its safely withstanding the 
double strain to which it is thus subjected during work. An objec- 
tion to the arrangement is the additional amount of friction to which 
it gives rise. 

A type of Linde machine, intended e.spocially for land installations, 
comprises compound ammonia compn^ssors, arranged in line hori- 
zontally and driven from a crank upon a crankshaft placed centrally 
between the two compressors, and at right angles thereto. The 
necessary motion is imparted to the crankshaft by means of a tandem 
compound jot-condensing engine. 

The method employed by Linde to prevent leakagi* of gas past 
the piston rod stufiing box and gland, is to provide a chamber or recess 
in the stuffing box, glycerine or some otluT suitable lubiicant being 
constantly forced into this chamber or re(!ess at a somewhat higher 
pressure than that existing in the compre^ssor cylindei*, the result of 
\\dnch is that the tendency is rather for the lubricant to le^k or escape 
inwardly, than for the ammonia to leak outwardly. A suitable separator 
is provided for the elimination of any lubricant that finds its way into 
tlie pump or compressor cylinder, and pas.ses out with the amnu^iia. 

Another feature in the Linde machine is the metliod of cooling 
the vapour in the compression cylinder, by the introduction into the 
latter of a small portion of liquid ammonia with the gas or vapour, 
at the commencement of each stroke, whereby it is reduced to a refri- 
gerating temperature. 

According to Mr Lightfoot, the following are the results that were 
obtained from tests made, in an exhaustive and impartial manner, 
by a committee of Bavarian engineers, with an ammonia compression 
machine constructed on the Linde system, and erected in a brewery in 
Germany :* — 


Nominal capacity of machine, ice per 24 hours - 
Actual production of ice, per 24 hours - 
,, ,, ,, per hour 

Heat abstracted in ice-making, per hour 
Indicated horse-power in steam cylinder, excluding that 
required for circulating the cooling water, and for 
working cranes, &c. - 

Indicated horse-power in ammonia pump 
Thermal equivalent of work in ammonia pump, per hour 


24 tons 
39-2 tons 
3,6.59 lbs. 
731,80(5 units. T 


53 I.H.P. 

38 I.H.P. 
97,460 units, t 


* Proceedwgft, ImtiUitioii of Mechanical Engineera^ 1886, p, 218. ; 

t A thermal unit is the amount of heat necessary to raise the temperature of 
1 lb. of water 1" by the Fahrenheit scale when at 39 •4°. Mech. eq. 778 ft. -lbs. 
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Ratio of work in pump to work in ice-making - - 1 to 7 ’5 

Total feed- water u«od in boiler, per 24 hours - - 26,754 lbs. 

Ratio of'coaljconsumed to ice made, taking an evapora- 
tion of 8 lbs. of water per lb. of coal - - - 1 to 26*3 

The pumps were driven by a Sulzer engine, developing 1 I.H.P. 
with 21*8 lbs. of steam piu lujur, including the amount condensed in 
the steam pipes. 

The Linde machine, as built in the United States, shows several , 
constructional differences as compared with the first type of machine 



made in Germany. Fig. 40 is a sectional view illustrating the most 
I'ecent design of Linde compressor cylinder, as made by thi^ Fred. W. 
Wolf Co., of Chicago, U.S. 

The pattern ^of nuehine made by the Vilter Manufacturing Co., 
of Milwaukee, U;8., consists of either one or two horizontal double- 
actihg ammonia compressors driven by a horizontal Corliss engine, 
the engine and compressor cranks being keyed on the extremities of 
the crankshaft at angles to one another, so as to cause the highest 
gats pressure in the compressor to take place at the time when the 
6 
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r. 41 .— Horizontal Type of Belt-driven Huml oldt Ammonia Compressor . 
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highest steam pressure is acting on the engine. The ammonia com- 
pressor is cast witii slides and pillow block all in one piece. The 
wearing surface of the compressor consists of a cylindrical bushing or 
lining which is forced into the water jacket after the latter is bored. 
P''our ammonia compressor valves are located in the two circular heads, 
the latter fitting into rec(‘sses and being packed with mebillic packing. 
The suction and discharge valves an; rendered noiseless in action and 
their life considerably prolong(;d by the provision of gas cushions. 
The compressor plunger is fitted with self-adjusting packing rings and 
also bull rings, and the piston and follower are turned circular to 
exactly fit the front and rear heads of the compressor, and thus to 
reduce the amount of clearance as far as practicable, the plunger rod 
being, moreover, adjustable lengthways, thus admitting of an ^equal'^ 
division of the clearance being made, and the wear of th(! crank and 
crosshead boxes being taken up when desired. 

Leakage of gas past the piston ..r ydunger imkI is prevented by a 
starting box and gland fitted with a metallic packing, held in position 
by a long '^leeve, oil being circulated through the latter by means of 
an automatically (q<erated oil pump, and the oil acting both to 
lubricate the piston or plunger rod, and to form a seal to prevent 
t/he es(;ape of ammonia. A separate support bolted to the frame of the 
compressor holds the outer extremity of this hollow sleeve in place, a 
packing b(;ing pi'ovided at the outer end of this support for retaining 
the oil. ^ 

By-passt‘s are provided between the suction and discharge pipes in 
close proximity the compressor, thereby admitting of the valves 
being operated for pumping out the condenser. 

Wedge adjustable shoes are provided in the cossheads, and the 
connecting rods are fitted with solid heads, the former having a solid 
brass box, and the craakpin a brass box lined with babbit metal, 
wedge adjustment being provided in both instances. 

Fig. 41 shows an ammonia compressor made by the British 
Humboldt Engineering Co., Ltd. The valves of this machine are 
of the well-kno\Vn Humboldt pattern, wjiich construction has for 
many y<*ais past given good results in practical working. Tin; 
stuffing box i« fitb d with metallic packing, and a special injection 
device is provided for the freezing agent, by which arrangement, 
amoilgst other advantages, a cool stuffing box is ensured. 

The Fixary compressor is shown in verticjil central section, some of 
the parts Ijeing left in elevation in Fig. 4:;i. Jt consists of two vertical, 
single-acting cylinders A, e, having an equalising chamber c, situated 
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between them, at the upper extremity of which is provided a small 
valve governing an aperture leading to the suction side of the com- 
pressor. In the upper extremity of each of the cylinders a, b are 
provided two valves, that on the right-hand side opening inwardly and 
being the suction or inlet valve, and that on the left-hand side opening 
outwardly and being the outlet or delivery valve. The space below 
the pistons is filled with oil which lubricates the pistons, whilst at 
the same time preventing the gas from escaping past them to any 



* Fig. 42. -Two-Cylinder Single- Acting Fixary Comprcbsor. 
’ Vertical Central Section. 


great extent. Any gas that does find its way beneath the pistons passes 
into the equalising chamber c, where any accumulation of it is drawn 
off by the compressor, through the small valve in the upper extremity 
thereof, and one or other of the suction or inlet valves, and again 
return.s to the system through the outlet or delivery valves. The oil 
that may be carried through the valve in the equalising chamber 
serves the purpose of sealing the valves and filling up the cleayaiibe 
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The characteristic feature of the Neubecker system is the special 
device for preventing leakage taking place round the piston rod. To 
effect this, the "stuffing or gland box, through which the piston rod 
passes, is so enlarged as to form an annular recess or chamber surround- 
ing the rod, which chamber is partly filled with oil, and maintained 
at a* corresponding pressure to that prevailing in the surrounding 
atmosphere, by means of a compensating chamber, which latter is 
connected at its upper extremity to a small auxiliary pump through a 
pipe, the inlet to which is governed by a valve connected to, and 
controlled by, a metallic diaphragm, the upper side of which diaphragm 
is exposed to the pressure of the atmosphere. 

The operation of this compensating chamber is as follows : — The 
gas whicli may escape into the stuffing box chamber passes into the 
compensating chamber, and as soon as sufficient has thus accumulated * 
to raise the pressure therein above that of the atmosphere, it acts 
upon the flexible diaphragm to expard it outwardly, and thereby open 
the valve communicating with the above-mentioned auxiliary pump, 
by which the gas is drawn off or removed and delivered into the 
refrigerator. The pressure in the separating chamber then again falls 
l>elow that of the atmosphere, and the diaphragm being forced inwardly 
by the atmospheric pressure, the outlet valve closes. The lower portion 
of the compensating chamW forms a well, wherein any oil that leaks 
past the piston rod gland of the compressor, as also that ( oining from 
the separator, accumulates, and is heated by a steam coil or worm, so 
as to drive off any gas that has been absorbed by the oil, after which 
the latter is draw?- off from the bottom of the compensating chamber 
to be cooled and filtered foi* further use. 

Various patterns of ammonia compressors are (Constructed by the 
Pulsometer Engineering Co., Ltd., on their improved system, ranging 
from 1 ton ice-making capacity per twenty-four hours, up to 
installations on the same principle, with a capacity for an output up 
to 25 tons of ice or more per day of twenty-four hours. 

In a type of apparatus particularly suited for export, everything, 
including the steam engine, compressor, gas condenser, refrigerator, 
and ice tank, is mounted on one continuous bed, all the ammonia 
connections are read} made, and the whole can be readily put in one 
case and sent abroad, all that is necessary on its arrival being to 
charge the machine with gas and tlie ice tank with brine. 

In the case of a small machine of 1 ton ice-making capacity, 
such as that first mentioned, either a vertical high-pressure engine, or 
an horizontal one, or anjr other suitable motor, is employed j for 
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larger sizes, how(‘ver, these makers pi-efor to use cross compound 
condensing engincis of the horizontal type, and of extra size to provide 
an ample margin of power in hot weather, and to give the best results 
as to saving in steam consumption from an early cut-off, and each 
engine driving a compressor tandem. The engine condenser is generally 
made of the surface condensing type, and, together with the water 
circulating pump, placed between the engines and driven from the 
low-pressure crosshead. This arrangemcmt has been found in practice 
to be, with long strokes of, say, at least 30 in., most reliable, and it 



Fig. 4.3. — Horizontal Double-Acting Ammonia Compressor, Pulsometer 
. Engineering Co., Ltcl. 


admits, moreover, in the event of an emergency, of running at a*high 
speed. In cases where the very highest economy is desirable, triple 
or quadruple expansion engines are desirable. 

Fig. 43 illustrates one of a pair of pumps employed in a brewery 
and having a cooling capacity of one hundred barrels per hour. As 
will be seen from the drawing the ammonia pump is of the dohble- 
acting type, and is arranged horizontally. It is intended to be driven 
frotn any convenient source of power already extant in the breyrery. 
To obviate -leakage and loss of ammonia gae, the stuffing box is fitted 
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with a special oil-lubricating arrangement, by means of which a gas- 
tight joint is secured without any necessity for screwing up the gland 
so as to gtip too tightly. The valves work without any springs or 
buffers, and in the larger sizes ani so arranged that they can be 
adjusted from the exterior; they an* also of ample area, thereby 
reducing the pressure on the pump, and preventing the latter and 
the engine from being overworked. 

Tlie condenser is fitte<l with sets or series of lap-welded tubes, 
which are subjected to high tests both by hydraulic and air pressure, 
and are secured in a special arrangement of return heads or ends of 
forged steel. The inlet and outlet valves are also of forged steel. 

The evaporator or refrigei'ator consists of a welded steel shell, 
having hammered steel tube plates into which are fitted lap-welded 
tubes (subjected to a similar test to those of the condenser) in'such 
manner that they can be readily withdrawn from the shell for inspec- 
tion or renewal, and the whole is fitted in a tank with suitable brine 
pump connections. The inlet and outlet tubes are likewise of forged 
steel. 

The makers prefer the use of seta or series of tubes in their con- 
densers, and refrigerators, t</ that of coils or worms, for the following 
reasonf^ That coils or worms are usually made in long lengths with 
a number of welds, consequently should such a tube at any time 
exhibit signs of weakness it would entail a heavy expense to renew it, 
both on account of the weight of metal and the difficulty of replace- 
ment. * In a refrigerator, in addition to the above, the use of a coil 
gives rise, according to them, to a tendency to prime, and thus cause 
damage to the pump, and there is, moreover, they say, considerable 
trouble in bringing the brine into t>uch intimate contact with the 
outer surfaces of the tubes as is advisable. 

When desired, an arrangement can be fitted to this ammonia com- 
pression machine, by means of which the ammonia can be pumped 
from the refrigerator into the condenser or vice versd, or, if desired, 
out of the machine altogether. 

An advantage of no small importance possessed by this apparatus 
is that of the utmost simplicity of construction, thus considerably 
facilitating .j^he management. The workmanship and design, more- 
over, are calculated to ensure the attainment of the greatest strength 
and of the maximum durability possible. 

Fig. 44 is a perspective view illustrating a small single-acting verti- 
cal ammonia compressor and condenser, constructed on the Kilbourn 
inclosed t3rpe system, tp this installation the machine is intended to 
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be driven by a gaa engine, or other suitable source of power, and it is 
designed for cold storage on the direct expansion system. The floor 
space occupied is small, being only for the entire plant, ihcluding a 
gas engine of 4 N.H.P., 12 ft. by 4 ft. 6 in., and the machine is 
capable of maintaining a storage capacity of from' 8,000 to 10,000 
cub. ft., at a suitable temperature for frozen mutton, or, with the 
necessary appliances, of making 2| tons to 2 tons of ice per twenty- 



. Fig. 44:,—Sinall Vertical Single-Acting Kilbourn Inclosed Type Ammonia 
Compressor and Condenser. ♦ 

four hours. The condenser and refrigerator are composed of lap* 
welded iron coils fitted in steel or wrought-iron shells. 

The late Mr J. K. Kilbourn, C.E., was the inventor and patentee 
of a number of improvements in, and connected with, refrigerating 
machinery, his chief speciality being, however, marine refrigeration, he 
having had a wide experience in this direction, and several iharine 
types of ampfionia compression machines, constructed on his system^ 
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will be found dencribed and illuntratod in the chapter on Marine 
Installations. 

Fig. 45 is ’a sectional view of the Triumph Tcc' Machine Co., Cin- 
cinnati, 0., U.S., horizontal pattern double-acting ammonia compressor. 
It will be seen from the illustration that the compressor is provided 
with five valves, viz., three suction valves and two discharge valves, 
the third, or auxiliary suction valve, being much lighter than the 
main valves, and perfectly balanced, and it being claimed by the 
makers tending greatly to increase the economy of the machine. 

Obviously the main suction valves must necessarily be of sufficient 
dimensions to admit the charge quickly at the commencement of each 



Fig. 45.— Double-Acting Horizontal Type Triumph Ammonia Compressor. 
Sectional View, 


stroke, and the springs controlling them must consequently have an 
appreciable tension. It will be readily seen that owing to this fact the 
pressure of the gas in the cylinder, during admission, must be less than 
it is in the sudtion pip© by an amount equal to the tension of these 
springs. By the use of the above-mentioned third, or auxiliary suction 
valve, which is comparatively light, and is consequently operated 
with a very light spring, the pressures in the compressor pump are 
equalised, and a fuller charge is obtained at each stroke, thereby 
increasing the efficiency of the machine. 

The valves comprise each a guard screwed on to the stem, fitted 
nside a cage, and so ribbed as to reduce the port area, the bottom oi 
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the 8tem being enlarged for that reason. Stems extending from both 
the suction and discharge valves to the exterior, and passing through 
stuffing boxes, admit of their being adjusted from the outside, and 
any desired degree of tension being put upon the springs. The object 
of this arrangement is ' to adjust the machine for working at diffiirent 
pressures, and the relative temperatures thereof. 

There are three packing compartments in the piston rod stuffing 
box, and it is fitted with a suitable relief valve communicating with 
the suction. The heads are formed concave, and of a radius which 
enables a larger valve area to l)e secured. The principal shut-off 
valves are of such a form of construction as to admit of their being 
packed whilst the machine is working, and a feature in the design of 



Fig. 46.— Double-Acting Horizontal Typo Triumph Ammonia Compressor 
and Tandem Compound Condensing Engine, Plan View. 


this machine, which is of by no means inconsiderable advantage, is 
that every portion of the compressor is easily accessible. 

Fig. 46 is a plan view showing a double-acting compressor, coupled 
direct to a tandem compound condensing steam engine. This machine 
is of 400 tons capacity, and comprises the features already described 
with reference to Fig. 45. It is so arranged that each cylinder can 
be operated, single or double-acting, on either end. A separate crank 
and outer bearing are provided, thereby adding considerably to the 
strength of the shaft. Another point of construction which is of 
considerable advantage is that the whole machine is arranged on* a 
straight line, thereby giving great strength and rigidity. It is also 
claimed by the makers that there is no breathing of the cylinder 
in this construction, and that a great deal of unnecessary clear- 
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ance is not allowed to take place at eacli compression stroke of the 
machine. 

The main featun^ of novelty claimed in the ammonia compressor 
invented by Thomas Bell Lightfoot, and for which he obtained a 
patent in 1885, is that compression is effectcMl at on(5 side only of 
the piston, the other side being exposed merely to the pressure of 
the vapour as drawn in from the refrigerator. The suction valve is 
placed concentrically within tlui piston, and the delivery valve within 
the cylinder cover. 

The main distinctive feature of the Pictet machine is the means 
adopted for preventing superheating of the ammonia gas during com- 
pression in the cylinder of the jmmp, and the loss that would ensue 
therefrom, which, were there no means empk)yed for its reduction, 
might amount to as much as 30 per cent, in a double-action compressor. 
In some arrangements, as has be'm already mentioned, provision is 
made for effecting this by injecting a small quantity of liquid into 
the compressor, which liquid In evaporating maintains the gas or 
vapour in a condition of saturation, thereby admitting of the com- 
pression being effected under such conditions as to approximate more 
closely to the isothermal functiou ; in others, again, the compressor 
cylinfler is water-jacketed for a like purpose. In the Pictet machine, 
however, in addition to a water jacket round the compressor cylinder 
or barrel, the piston and piston rod of the compress or are likewise 
formed hollow, and through this space a constant stream of water is 
kept circulating for cooling purposes. 

The results obtained by this arrangement are much lessened by 
the great thickness of metal that is required in the parts. The 
loss in a well-jacketed and water-cooled compressor, according to the 
experiments* of Professor Denton, amounting to 21 ’4 per cent., and 
where less efficiently jacketed the loss may rise to about 25 j^r cent. 

In the specification of a patent granted to Raoul Pictet in 1887 he 
describes an improved vessel or compartment for use in a refrigerating 
apparatus, wherein the volatile liquid employed is subjected to evapora- 
tion so as lo produce cold, which refrigerates brine or other non- 
congealable liquid surrounding the evaporating compartment. The 
improved^ cooler or refrigerator is claimed to be suitable for use 
with either a compression or an absorption machine, and consists of 
two tubes arranged horizontally, and connected at their extremities 
by bent tubes, and at their lower sides by pendant U-shaped tubes, 
which latter are preferably secured by means of solder joints to sockets 
* Tramactimn, American Society of Mechanical Engineers, vol. xii. 
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braze{] on the tuloes, and are fui*ther connected with each other by 
conducting bands. 

In the latter part of 1887 a patent was obtained by Samuel Puplett 
and Jonathan Lucas Rigg for improvements in refrigerating machines, 
an<l several further improvements have since been added by Puplett. 

The main featurc'is of th(' 1887 patent, which are (Equally applicable 



Fig. 47.— Double -Afjting Puplett Ammonia CompresRion Machine. 


ix> any ice-making and cooling apparatus wherein any one of the con- 
densable gases is used as a frigorific agent, are as follows : — 

The provision of chambers or reservoirs either situated directly at 
the bottom of, and communicating with the inlet valve chests, or ih 
any other suitable position, and connected thereto by means of pipes. 
These chambers or reservoirs serve to receive the oil which finds its 
way into the cylinder of the compressor pump^ principally round the 
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piston rod, and which would other- 
wise accumulate beneath the 
valves. 'To fhe undersides of the 
chambers or reservoirs are fitted 
draw-off cocks, by means of whicli 
the oil may from time to time Ix^ 
withdrawn whilst the machine is 
in motion, and without any ap- 
preciable loss of gas or admission 
of air taking place. 

Complete liquefaction of the 
gas is ensured by carrying the 
return liquid pipe between the 
condenser and refrigerator through 
the I'efrigerating or ice making 
tank or box, instead of outskV^ 
the latter, as is usually done, thus 
utilismg the low tcmperatuj-c of 
the brine to complete the con- 
densation of tin; gas. 

In Fig. 47 is illustrated a 
modern type of Puplett ammonia 
compression machine especially 
designed for use in breweries for 
cooling works and yeast rooms. 

The coolkig capacity of this 
machine varies from 20 barrels 
of worts per day to 200 barrels 
per day, and the horse-power i‘e- 
quired from 3 up t'> 12, in accord- 
ance with the size of the machine. 
The apparatus can be connected 
to existing hot and cold liquor 
backs and c<5llecting tanks. 

Sir Alfred Seale Haslam took 
out a patent in 1894 for an im- 
proved ' compressor especially in- 
tfended for use with refrigerating 
machines, and particularly ap- 
plicable to compound compressors 
wherein the gas is compressed in 



Horizontal Tj'pe Ck»mpoiind Haslam Ammonia Compressor, \^ertical Central Section. 
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stages. The objects of the invention are to prevent the gas from 
escaping or coming in contact with the air, and to avoid dead spaces 
in the apparatus. The chief novel features are clainled to be as 
follows : — First, a pump cylinder having a chamber at one or both 
ends through which the piston rod passes, and which is kept supplied 
with lubricating and sealing liquid from a reservoir througli which 
the gas to be compressed also passes. Second, two single and double 
acting pumps arranged tandem to each other, and with the compres- 
sion ends of their cylinders next each other, and having between 
them a chamber supplied with lubricating and sealing liquid, through 
which their common piston-rod passes. Fig. 48 shows this machine 
in vertical central section through one of the ammonia compressoi’ 
cylinders, drawn to an enlarged scale, and illustrating tlie self-sealing 
oh chamber. 

The operation of this compressor is as follows : —After adjusting 
the glands of the receiving and separating vessel, the lattei’, and the 
central chamber, is charged with lubricating and sealing fluid to a 
suitable height. The gas is then drawn through the supply pipe, 
accompanied by the requisite amount of the lubricating and sealing 
fluid, which latter is admitted to the low-pressure cylinder by a cock 
or valve, thi’ough the suction valve, and conjpression to tlie desired 
extent is then carried out. 

Fig. 49 shows a Haslam imachine having one double-acting com- 
pressor driven by a compound drop-valve steam engine. The compjressor 
is of the standard Haslam type, with tw(j suction and two delivery 
valves in each cover. The trunk form of guide is found to give great 
rigidity and ensure perfect alignment. The steam engine is of the 
Haslam latest drop- valve type, having governor regulated inlet valves 
on the high-pressure cylinder. The machine shown in the illustration 
has recently been built for a large meat freezing works in South 
America. The compressor is 22} in. by 40 in. stroke. An inde- 
.pendent steam surface condenser and ammonia condenser of the 
evaporative type are usually supplied with machines of this class. 

Fig. 50 illustrates a Haslam horizontal machine with .compound 
^engine and two ammonia compressors of the double acting type. The 
an'angement of the steam engine valve gear, with the governor con- 
trolling the inlet valves of the high-pressure cylinder, will be clearly 
seen -in the engraving. The low-preysure cylinder is steam-jacketed, 
and both cylinders are lagged and covered with planished steel, and 
have polished iron caps over the end covers. If desired, one compressor 
may be worked while the other is being overhauled. 




Fig. 49.— Horizontal Type of Haslani Double-Acting Ammonia Compressor with Compound Drop- Valve Steam Engine. 
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Fig. 51 shows a Haslam horizontal compound ammonia machine 
which is specially suitable for working in hot climates, where the 
temperature o£ the water used for the ammonia condensers is high. 
The steam engine is of the compound “ drop-v’^alve ’’ type, and drives 
two compressors from the Uiil rods, arranged to compress the ammonia 
gas* in two stages. The low-pressure ammonia compressor is of the 
double-acting type, and the high-pressure ammonia compressor is of 
the single-acting type, so that the gland is only subject to the inter- 
mediate pressure, 'i^he machine from which the illustration is t^ken 
has for some years been making ice at Singapore, and has given 
excellent results. 

Amongst the itioneers of refrigerating machinery in the United 
States was Mr David Boyle. The modern ty 2 >e of Boyle ammonia 
compressor consists of two vertical single-acting pumps arrarfged iif 
combination with a vertical or an horizontal engine. The compressor 
valves are mounted in removable valve boxes, and both the suction and 
discharge valves are situatcnl in the njipor head, where they are held in 
place by cross-bars and a set-screw to each of them. There is a division 
in tlie cci tre of tbe head. Th(i gas being delivered through its {)ipe, 
which is secured in an extension on the cylinder communicating with 
tbe in^et chainbei*, enters the cylinder through its valve on the 
downward stroke of the jiiston. The gas is compressed upon the 
upward or I’eturn sti*oke of the piston until such time as it becomes 
equal to the jiressure in the condenser, when the discharge valve in 
the opposite; side of the head rises and permits the discharge of the 
gas through the valve and communicating chamber to the compressor 
discharge pipe, to take place. 

Tlje suction chamber likewise comm»inic.ate6 with the lower end of 
the cylinder of the comju-essor so as to allow the latter to be filled 
with gas during the U{)ward stroke of the piston, and to permit its 
escape therefiom during the downward stroke of the piston. A solid 
pattern of piston fitted with a number of snap-rings having suflicient 
tension to prevent any leakage of gas, is employed, and the piston rod 
stuffing-box gland is adjustable through a worm and worm-wheel 
arrangement by means of a hand-wheel from the exterior. 

A water jacket surrounds the upper part of the compressor cylinder, 
and an inlet and outlet admit of a constant flow of water being 
maintained through the same. 

The York Manufacturing Co., of York, Pa., U.S., are makers of 
compound ammonia compressors in which all the gas has to be drawn 
through the suction \alvfs, and these latter have to divide the space 
7 
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on the heads of their cylinders together with the delivery valves, 
being consequently limited in dimensions. When the compressors are 
of large size tlio gas is passed through a condenser Ijetween the two 
stages of compression for the purpose of abstracting a portion of the 
heat, reducing the volume and saving power. The connecting pipes 
are located on the top, and in some instances a tubular condenser is 
provided, which arrangement is said to give good results. The valve 
in the low-j)ressuro cylinder is formed annular, and, therefoi-e, requires 
only about half the lift of a mitre valve in order to give the same 
discharge opening. 

These makers arrange their compi’essor cylinders vertically, but 
they employ in combination therewith both vertical and horizontal 
steam engines. 

The medium-sized machines are made with two- low-*pres8u?e 
cylinders placed on the outside, and <me high-pressure cylinder placed 
Iretween them. The crankpins of the low-pressure pistons are ^.11 
in line, and the high-pressuro crankpin on which the horizontal 
engine works is placed at 1 80'’. 

In the case of the very large-sized machines four compressor 
cylinders ai‘e arranged in ;i row, and are worked by four cranks, the 
two outside -ones of which are high pres.sure, and the two intermediate 
ones between these being low pressure. The two connecting rods from 
a cross-over compound engine each operate respectively one of the 
outer ^;ranks. The fly-wheels are overhung, and the pipes from the 
cylinder heads connect the high and low pressure cylinders through a 
condenser or cooler. 

This company also build single-acting compressors, and in Fig. 52 
is shown one of their latest designs "f a vertical type of single-acting 
machine. A large type of compressor constructed by them, and having 
a capacity of 400 tons refrigeration, has two single-acting ammonia 
pumps 30 in. in diameter by 48 in. stroke, and driven by a horizontal 
cross compound condensing engine, having a high-pressure cylinder 
of 30 in. diameter, and a low-pressure cylinder of 58 in. diameter 
by 48 in. stroke, th(‘ crankshaft being provided with two throws and 
four bearings, and the fly-wheel being in the centre of the bed-plate 
between the two cranks. The weight of this machine is over 178J tons. 

The vertical type of ammonia compressor made by the Remington 
Machine Co., Wilmington, Del., .U.S,, is of the single-acting inclosed 
crank pattern, the crankshaft extending through one side of the 
casing only, and being fitted with a single stuffing box on that side, 
and a central bearing, s# as to render the construction more rigid. la 
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the bottom of the casing is an oil bath into which the cranks dip, and 
the central bearing is at all times flooded with oil. There are two 
cylinders, cast in one, and fitted with heads carrying tlie suction and 
discharge valves mounted in cages. The heads of the two cylinders 
are connected on the suction side to a strainer-box for intercepting 
any dirt or foreign matter, and the discharge side is connected with 



Fig. 52. --Smglc- Acting Vertical Type Ammonia Compre.ssor (York Manufacturing 
• Company). Sectional Elevation of Complete Machine. 

a throttle valve which is common to both the cylinders. The pistons 
fire of the common trunk pattern. This machine is typical of the 
inclosed compressor made by the Automatic Refrigerating Machine 
Co., Sydney, N.S.W., and San Francisco, and of a number of machines 
of this class made by various other malcers. 

The ammonia compressors constructed by the Tuxen and Ham- 
merich’s Engineering Works, Ltd., of JSTakskov, Denmark, are mos% 
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of the liorizontal (louble-actm^^ type. Fig. 5:^ shows a belt (hi von 
miachine. . The pump cylind(;r is fitted with «a lining made fr€>m a 
special liard mixture of (;ast iron, so as to obviate the porosity which 
is inevitable when th(iy are cast in one piece, and tJius to prevent the 
absorption of ammonia by th(‘ m(‘tal. VVlien worn, morc'over, a liner, 
or bush, of this description can be remov’^(‘d, and ix'placed by a new 
one, the cylinder Ixing thus r(‘newed at much less cost in time and 
inoTjey than is th(‘ c.ase wlum th(‘ cylinder is made of a single casting. 



I'ig. a, 3.— Horizontal Type of Belt-driven Tuxen and Harnnieri(*h Ammonia 
Coinpres.sor. 


The valves are "made of steel, and the valve boxes ai-e arranged in such 
a manner that th(‘ valves can be withdrawn without necessitating the 
disconnection of any other ]>ortion of the machine oi- connections. 

,A gjis- bight joint is formed at the piston or plunger rod stuffing 
box by means of an oil chamber formed between the packing rings, 
and by a patented arrangement the pressure of the gas in the com- 
pressor is employed to maintain a constant pressure of oil in this 
sealing chamber ; in this manner, it will be seen, the tendency of the 
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ammonia itself to escape is utilised to prevent its escape. Another 
feature in this compressor is that the oil chamber is connected to the 
suction side of the compressor, so that in the event of the machine 
running hot it may \ye cooled by the simple expedient of running a 
current of cold air through the oil chamber. This arrangement is free 
from valves, and other working parts which are liable to fall into 
disrepair, and, moreover, requires practically no attention, and is 
claimed by the makers to admit of a pressure being kept up equal to 
the pressure of the ammonia, however much the latter may vary, a 
duty which it is impossible to perform by any arrangement of pump, 
and besides which the latter arrangement is, according to them, 
inferior in many other respects. 

In a type of double-acting vertical ammonia compression machine 
constructed by the Buffalo Refrigerating Machine Co., of Buffalo, 
N.Y., U.S., the ammonia pump cylinder and the steam engine cylinder 
are in line vertically, and are bolted to a cast-iron framing mounted on 
a Jieavy bed-plate. Fig, 54 shows the ammonia compressor cylinder 
in vertical central section. The piston is fitted with self-adjusting 
packing rings, one at each end, and the pressure of the gas acts upon 
the conical surfaces of these rings so as to expand them outwardly 
equally in all directions, and so form a gas-tight joint. The pressure 
and suction valves are of large area, so that all wire-drawing of the 
gas is avoided ; moreover, they are so arranged as to leave a minimum 
of spaces to retain gas, and they are formed with lengthy** guide 
surfaces, and supplied with cushioning chambers, to prevent improper 
strains, and admit of their closing upon their seatings without noise 
and hammering. On the bottom of the suction valve stem a collar 
is provided, which has the advantage of preventing it from falling into 
the compressor cylinder should the nut on the upper end of the valve 
stem accidentally work off. 

The valves are mounted in cages, which, it will be seen from the 
drawing, are so constructed that they can be readily removed from, or 
replaced in position, without necessitating the dismounting of any other 
part. A lengthy stuffing box is provided to prevent leakage of gas 
round the piston rod, and an oil chamber therein, between the upper 
an<} lower packings, is automatically supplied with oil from an oil tank. 
This oil tank is charged with oil, as necessary, by means of a hand 
pump connected to the tank. The lower part of the stuffing box oil 
chamber is connected with the lower part of the oil tank, and the 
upper,, part of the latter is connected with the suction valve of ther 
compressor, as^ shown in the illustration (Fig. 54). The result of thisv 



THE COMPRESSION PROCESS OR SYSTEM. 103 

arrangement is that the oil in the oil tank is constantly under the 
suction pressure of ihe machine on both top and bottom ends of the 
cylinder. The oil tank l)eing higher than the stuffing box oil chamber, 



Fig. 54.— Vertical Type of Steam-drivon Buffalo Ammonia CompreSflor. 
Vertical Central Section through Cylinder. 


the oil flows from the former to the latter by gravity, and should any 
leakage of ammonia occur through the first layers of packing into the 
stuflSng box oil chamber, it will be drawn into the suction pipe of the 
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machine, and in this manner, according to the makers, provision is 
made to prevent the stuffing box pressure over exceeding the working 
suction pressure of the condenser. 

Suitable valves on the connecting pipes communicating with the 
oil tank admit of regulating the amount of oil passing to the stuffing 
box oil chamber, and enough oil adheres to the piston rod, and passes 
into the cylinder to lubricate the latter. 

The clearance spaces between the piston and the heads of the 
compressor cylinder are reduced to the lowest possible point, the 
thickness of a sheet of packing being all that is provided. As will 
be seen from the drawing, the compressor cylind(‘r is completely 
surrounded by a water jacket to carry off the heat gemu'ated during 
compression. 

The Arctic Machine Manufacturing Co., of Chn^ciland, Ohio, U.S., 
have been successfully manufacturing n^frigerating machinery foi’ the 
past twenty-two years or more, and machines constructed by them 
as far back as 1879 are still running. The modern typers of machine 
built by the Compaii}^ comprise a double-acting vertical ammonia 
compressor, combined with a vertical steam engine, and two vertical 
compressors combined with a horizontal steam engine. Th(^ fly-wheel 
is now generally located between the upright columns, but in some 
patterns of machine it is still placed on the exterior, and is provided 
with an outside bearing. The valves of the compressor are mounted 
in cages, and are so arranged as to be n^adily get-at-able. The stuffing 
box of the compression piston rod is formed deep, and provided with 
oil sleeves. 

The ammonia compression machine made by Geo. Challoner, Sons, (k 
Co., of Oshkosh, Wis., U.S., belongs to the inclosed class. A pattern 
made by this Company is a triple cylinder single-acting machine, the 
entire box frame of which is cast in one piece, and is secured to an 
arched bed-plate. Circular removable flanges at each extremity carry 
extra long babbitted crankshaft bearings, and are provided with 
stuffing boxes and glands, made of considerable length to prevent 
leakage of oil or gas round the crankshaft. The interior crankshaft 
bearings are so mounted within the box frame as to bo easily dis- 
mounted when desired. The working parts of the machine run in 
an oil bath in the hollow box frame, and lubrication is thus ensured 
without exterior aid. The upper" part of the frame is faced and 
bored to receive the pump cylinders, which latter can be removed 
and replaced, if required, without disturbing the box frame. 

In the larger patterns of machines the pump cylinders are provided 
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with safety heads. The suction valves are located in the pistons, and 
the discharge valves are either in the sah'ty iK'ads or in the false 
heads, and both suction and discharge valves are so arranged that they 
can be removed .without necessitating the dLsconiK'ction of the pipe 
connections. Th(i (connection to the suctiim is in the l>ox frame 
beneath the cylinders, so that th(‘, fi-ame is maintained (cool by the 
low temperature gas returning to th(‘ pump (cylin(l(Ts. The discharge 
connections are fornu'd to tlu' pump cylindf'rs abovt' tlu' safety heads, 
and both connections are litt(‘d with stop-valves, and a by-pass is 
also provided, so as to admit of the pumps being reversed to pump 
the gas from the high to the low pressure side, A suitable purge 
valve on the discharg(‘ conmcction admits of the box frame being 
})umped out, and likewise tluc discharg(c of any air gaining admisfTioi^ 
to the interioi' on the oi»ening of the fivime. 

A machine made by the Ideal llefilgerating and Manufacturing Co., 
of Chicago, is fitbsl with an arrangement for th(‘ more even distribution 
of the work of the compres.sor piston. To effect this the diameter of 
the crankpin circle is formed much larg(‘r than the piston stroke, and 
connection is mad(‘ through a toggle lev(T arrangimient. It is claimed 
that 04 ' the connecting rod to the ci-ankshaft brings the two toggle 
levers connect(M to the piston rod into line, the forc(' that is available 
for moving the piston will inci'easi* ind(‘])endently of the action of the 
toggle levfcrs. 

According to the makers the effect of the intei'initUcnt motion 
which the cam head on th(c piston imparts to the \ a,lve is to somewhat 
moie than double the life of the latter, owing to the length of time 
during which motion is arrested whilst the crank is })asHing the dead 
centre, the toggle being then in a straight line with the piston rod. 
They, moreover, aver that it affords a considerable a(b'antage, inasmuch 
as it gives tlu' valv(‘ ample time to get properly seated, and for all the 
gas to be expelled from the cylinder, and not be suck(Hl in again on 
the return stroke, thus greatly incioasing the efficiency of the machine. 

A vertical single-acting ammonia compressor (Stallman’s) manu- 
factured by tlie Creamery Package Manufacturing Co., of Chicago, 
111., U.S., consists of a pair of pumps, the lower portion of the cylinders 
being core(i out so as to form a series of ports, which lead from the 
suction inlet round the piston and communicate with the cylinders at 
such times as the pistons are at the bottom or limit (ff their downward 
stroke; In this manner, the cylinders having l)een partly filled by the 
gas delivered through the suction valves in the pistons during their 
downward stroke, the clfarge will be fully completed at the termination 
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of the stroke, and the utmost pressure of evaporation be obtained in 
the cylinders owing to the passage of gas througli the above-mentioned 
ports. 

The disclmrgc valve scat rests upon a slioulder formed by the 
enlargement of the upper part of the cylinder. This seat is made 
of tool steel, and is forced into position before tlie last or finishing 
cut is made, and is bored out with the cylinder, forming practically 
a portion of the walls of the latter. The outlet port, to which is 
connected the discharge pipe, is situated immediately above the valve 
seat, connected with the enlarged portion of the cylinder, and branching 
off from same at right angh^s. Tlie discharge valve is of steel, and 
turned up from the solid. It has a disc-shaped bottom of larger 
diameter than the cylinder, and rests upon the above-mentioned seat 
in the annular enlargement in the cylinder; the upper part of the 
valve is cylindrical, and this trunk-shaped portion slides in the enlarged 
bore of the cylinder to form a guide. 

, -When making its upward stroke the piston passes through the 
discharge valve seat, and comes into contact with the valve itself. 
The pressure on this valve is regulated by a spring having a screw 
adjustment through the cylinder head. This arrangement adfnits of 
the complete discharge of the gas from tlie cylinder, and at the same 
time forms a safety head, there being no clearance at all, and no loss 
of efficiency from the re-expansion of gas from such clearance. Another 
advantage claimed for this arrangement is that owing to the*' size of 
the valves a very slight movement only is required, whilst they give 
very large areas of openings, and allow of large volumes of gas passing 
rapidly. 

The cylinders are so mounted upon the frames containing the 
crankshaft bearings and crosshead guides as to cause all the strains 
to fall upon the franfies direct, instead of upon bearings in a separate 
bed-plate, llie result of this form of construction is an absolute 
rigidity of alignment, and the frames are firmly secured in position 
by a massive bed-plate of box pattern. The two compressors can 
be provided with independent suction connections, and can then be 
worked independently in installations so operated that different con- 
* ditions of temperature and varying back pressures exist, as, for instance, 
in cases where both ice-making and refrigerating are carried out 
together, or where freezing chambers are run along with ordinary 
cbld stores. 

I^. 55 is a vertical section through the pump cylinder of a single-® 
acting vertical ammonia compressor, designed Uy Mr C. A. MacDonald^ 
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and made by the Hercules Ice-Making and Kefrigerating Machinery 
Co., of Chicago, 111., U.S. 



Fig. 55.— Vertical Type of Steam 'driven Hercules Ammonia Compressoi'. 
Vertical Central Section through Cylinder. 


A Special feature in pump is that an arrangement is provided 
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for allowing free communication between the inlet branch and the 
interior of the cylinder when the piston is right down, or at the end of 
its travel in a downward direction. This consists of a' belt or passage 
cast around the 1ow(t })art of the (‘ylinder which is ip connection with 
the inlet branch, holes being formed into this belt or passage through 
the walls (jf the barrel. The positions of these holes are such that 
some will be lowei’ than the j>iston when it is at the extremity of its 
downward stroke*, thus affording free access for the gas, entirely 
independently of the valves, before the return stroke. These; hedes 
have to be formed by ce)reH when casting the puinj) cylineler, and the 
arrangement causes the casting to be rathei* a dithcult erne to make. 
The he)le;s, he)wove*r, serve te) ce)mpe*nsate for the reeluction in the size 
of- the inlet valve;, anel alle)w of a full back pressure of gas being 
obtained above* the piston before compre;ssie)n is commenced. 

Somewhat similar arrangements tee the above are pre)vided in the 
Antarctic single-acting compresseu* (elesigneel by Mr Nea-man Selfe, 
C.E.), made by the Antarctic Refrigerating Mae*hine Ce)., of Sydney, 
'^N.S.W., and San Francisco, and in that of the Auldjo Machine Co., 
Australia. 

The ammonia compression machine;s constructed by t|^e Case 
Refrigerating Machine Co., of Buffalo, N.Y., U.S., are of massive; 
build, and at the same time are so designed as to take up a 
comparatively small amount of floor space. 

A special feature in their construction is that the piston rods of 
both the compressor cylinder and the steam engine cylinder are con- 
nected to the same crosshead which works between the cylinders. The 
steam cylinder is situated below and directly in line with the compressor 
pump cylinder, thus admitting of a direct transmission of power in a 
straight line,- and doing away with all the strains and friction which 
occur in the case of a crankshaft and connecting rods. A constant 
stream of water is kept flowing through a water jacket surrounding the 
compression cylinder to keep the latter cool during work. 

Another point in this make of compressor is that the suction *and 
discharge valves work horizontally, an arrangement which admits of 
allowing only a very small pocket for the retention of compressed 
gas, and of reducing the clearance to the lowest possible fraction. 

A double-acting horizontal ammonia compressor manufactured by 
the A. H. Barber Manufacturing Qo., of Chicago, 111., U.S., is shown 
in Fig. 56. 

The machines of this Company are as a rule built with a box framing 
and a central crank in the case of belt-driven 'machines, and a Tahgye 
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pattern frame and side crank wlien coupled directly to a steam engine. 
The cylinder is sunk into the frame, the cylinder flanges being set in 
the centre of and strongly bolted to tlu? fram(‘, thus equalising the 
pressure, so that the cylinder has no possible chance to move t>r rock ; 
and a flat locomotive pattern guide is employed which admits of the 
fram’e of the machine being formed both deep and rigid, and rendering 
it practically impossible for the cylinder t(» get out of line. 

The cylinder and vahes are completely surround('d by water, theniby 
preveiiting the springs of the latter from becoming overheated and 



Fig. 56.— Double- Acting Horizon tal Typo Barber Steam-driven Ammonia 
(Compressor. 


losing their tension, and in this manner increasing their efliciency. 
The valves and their seatings are constructed of tool steel, and are 
hardened to render their life as long as possible. The valves, more- 
over, can be easily removed without having to disturb any other joints. 
The piston is light, fitted with metallic packing rings, and the piston 
rod stufting^box is rendered perfectly gas-tight by a double packing 
with a central oil chamber. The arrangement of the lubricator is 
such that it will oil the cylinder, valves, and piston rod. A strainer 
placed in the suction pipe or conduit near the compressor prevents any 
scale or other matter passeng into the latter. 
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The smallest possible amount of clearance in. at each end of the 
piston stroke) is left, and provision is ma<le for the taking up of any 
slackness in the connecting rod through wear on the crank shaft or 
guide. 

The valves, which are of a pahnited foiin of construction, cannot 
by any chance dro]) into the coinpi'esstn* cylindei*, there being no nuts 
or keys to wear out and g(‘t loose. The compressor shown in Fig. 49 
is one of 12-ton refrigerating capacity, ami is connected directly with 



Fig. 57.— Double-Acting Horizontal Type Barber Klee trically ‘driven Ammonia 
Compressor. 

the driving shaft of a horizon ttil Corliss engine, with a heavy tly- wheel 
located between to answer for both. The floor space occupied by* this 
machine (engine and compressor) is 8 ft. by 9 ft. 

It is claimed by the makers that, owing to the extremely small 
amount of clearance in the pump cylinder, and the arrangement of the 
valves, it is possible for each stroke of the piston to compress the full 
area of gas contained in the cylinder. 

In Fig, 57 is illustmted an S-ton compressor supplied by the above 
txnnpany to do refrigerating work in the dairy budding at the Tmi^ 
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Mississippi Exposition, at Omaha, Neb., U.S. This machine is' con- 
nected by a shaft to an oli'ctric motor through a raw-hido pinion and 
cut gear, the motor and compressor being both mounted upon the 
same base or bed plate. As this arrangement does away with all belts, 
hangers, or shafting, it occupies but littki space, and it is always ready 
for work. The makers state that they can from exi>erienct) thoroughly 
recommend the adoption of this pattern machine when electric power 
is to be used, having installed a number of ditterent sized . compressors 



Fig. 58. — Small Single-Acting Horizontal Typo Barber Steam-driven 
Ammonia Compressor. 

with the electric motor connected up in this manner, which have been 
found in practical working to give great satisfaction, and to require 
but little attention. 

Fig. 58* shows a very small single-acting ammonia compressor 
known as the “baby compressor,” made by the same company. As 
will be seen from the illustration, this compressor is of the inclosed 
type, the piston and crankshaft running in an oil bath, and therefore 
working noiselessly and ^requiring little or no attention. The com- 
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pressor is coupled direct to a vertical engiiu?, the power required to 
drive being uiifler .3 H.P. The refrigerating capacity of this little 
machine is tons, and it is adapted for use in creameries, meat 
markets, butclicrs’ (rold stores, hotels, itc., in fact in any place where 
only a small i)lant is needed. 

Ammonia compression macbines of several different })attorns are 
built by the Vulcan Iron Works, San Francisco, California, U.S. 
Their horizontal, double-actiTig type of compressor has a strong gii’der 
frame. The comjjrcssor pump cylinder (Fig. 59) is fui’nished with a 
piston of extra length fitted with special packing lings that will take 
up any wear that may de^ (io]). a are tlu; suction inlets, and n ai’e 


F)g. 59. — Double-Acting Horizontal Type VAilcaii Ammonia (yomprusbor. 

Central Section through ('ylintler. 

the discharge outlets. , The suction and discharge valves are of steel, 
simple in construction, of large area, easily removable for cleaning or 
inspection, and they are so made and arranged, being provided with 
a proper .safety device (which will be seen from the sectional view, 
Fig. 59), that in case of accident, they cannot fail into the cylinder 
and wreck the machim^ As will be seen from the illustration, more- 
over, the stufting box of the piston rod is provided with an oil cellar 
or chamber c through which cold oil is constantly circulated by means 
of a pump attached to the top of the frame, this oil bath serving, as 
in other machines, the double purpose of acting as a seal to prevent 
the leakage of any ammonia, and of lubricating the piston rod. The 
cylinder of the ammonia compressor is wjiter-jacketed, and neatly 
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agged, a circulation of water being kept up through the jacket to 
’emove the heat generated by the compression of the ammonia gas. 

The compressor is provided with a dirt trap for catching and 
intercepting any foreign matter that may be l>rought back from the 
expansion piping,' and preventing it from passing into the cylinder. 



Fig. 60. --Small Single-Acting Vertical Inclosed Type Vulcan Ammonia 
Oopiprcssor. Elevation partly in Vertical Section. 

Suitable cross connections are also provided for enabling the condenser 
to be pumpeii out for examination, repairs, <fec. The crosshead arid 
connecting rod, as well as the ccankpin and the main bearing, are 
formed of extra strength and with large wearing surfaces, every 
provision being made for meeting any excess of regular duty. 

The construction of the compressor will be readily understood frorii 

8 
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the above description, and from an inspection of the sectional view, 
Fig. 59. They arc built in sizes from 10 tons refrigerating capacity 
and upwards, and can be worked either on the dry or -wet gas system. 
The compressors are constructed for belt driving, or are connected 
direct to a Corliss or Meyer cut-off steam engine. 



Fig. 61.— Small Single-Acting Vertical Inclosed Typo Vulcan Ammonia 
Compressor. Transverse Section. 


A small vertical single-acting compressor of the inclosed type, 
also made by the above firm, is shown in the sectional views, FigSv 60 
and 61. The construction of the machine is as follows : — a is the 
piston yoke, b is the piston yoke guide, c are the yoke blocks, d is 
the crank box. e is the crank sleeve, p is the guide bushing. >g 
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is the crankshaft bushing. H is the crank.shaft stuffing box gland, i is 
the oil valve. J is the suction valve. K is th(‘ discharge valve. L is 
the discharge valve guide, m is the cylinder head, n is the discharge 
valve cap and tension spring, o is the suction valve seat, p is the 
pipe gland. Q are the gauge valves. R is the packing or dividing 
ring. 8 is the relief valve, t is the hollow box frame or casing cover. 
U is a dirt trap for intercepting any foreign matter and preventing 
access thereof to the pump cylindtu*. v is the body or frame of the 
compressor, w is th(^ bed or base plate, x is the guide' cover, v is 
the (jrankshaft. And Z is the crank box wearing strip. 

The cylinder opens, it will be seen, into the crank chamber, the 
sides of which constitute' the supporting frame, thereby bringing the 
cylinder and shaft close together. Tlie crank is forged on (md a 
heavy steel shaft which passes through a stuffing or packing box an?! 
gland in the side of the crank chamber, and the crankpin is of special 
construction, having a hardened st(‘-ol sloevt' lu'ld in place by a collar. 
The motion is transmitted to the pisbui through a strong yoke having 
a guid(' on its lower side. A movable cover or bonnet plate t admits 
of acce s being had to the crank chamber. The latter chamber is 
filhid with oil to a level just above the packing box of crankshaft, 
the herght of the oil in the chamber being indicated at any time by 
the gauges glass shown in Fig. 60, and this oil bath both acts as a 
lubricant to the moving p<irts of the machine in the ernnk chamber, 
and alsy as a seal for the packing box of the crankshaft. 

The ammonia gas enters the crank chamber below the piston, the suc- 
tion valve is provided with a safety cage and is situated in the centre of 
the piston, and the discharge valve is placed in the cylinder head, and both 
these valves are made of forged steel A water jacket having a proper 
outlet surrounds the pump cylinder, and suitable facilities for cleaning 
are provided. The wearing parts being supplied with removable bushings 
tends to prolong the life of the machine at a small future expense. 

This inclosed type of vertical single-acting compressor is made in 
sizes varying from J ton up to tons refrigerating capacity per 
twenty-four hours. Another pattern of this machine has two of these 
compressors mounted upon one base or bed-plate, and connected by 
a solid steel shaft with a crank on each end, and a single fly-wheel 
located centrally between the cylinders. The working parts of this 
compressor are identical with the above, and this type is made of 
from 5 to 10 tons refrigerating capacity per twenty-four hours. The 
small |-ton machine requires only from | to J H.P. for driving 
purposes, and the floor space occupied is only 18 in. x 30 in. 
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A compressor of the inclosed type with two cylinders in line 
horizontally is likewise made by Mr B. Lebrun, of Nirny, Belgium, 
in which any escape of ammonia past the pistons is* received in a 
bell-shaped receptacle above the crank chamber, and after passing 
through a strainer is drawn in by the pumps on their suction strokes. 

The St Clair compressor is one of the compound type, consisting 
of a conibination of two or more single-acting compressors in such a 
manner that the gas is partly compressed at a lower pressure in one 
compressor, and then passed to* another wherein the higher compres- 
sion is applied. This machine has been girntly improved by Mr Thomas 
Shipley, and is manufactured by the York Manufacturing Co., of 
York, Pa., U.S. 

A number of other types of ammonia compression machines will 
be found described in the chapter devoted especially to marine 
refrigeration. 



CHAPTER VII 


THE (COMPRESSION PROCJESS {continued) 

Properties of Ether— Modern Ether Machines — Properties of Methyl Chloride- 

Methyl Chloride Machines— Properties of Sulphurous Acid — Sulphurous Acid 

Machines — Properties of Carbonic Acid— Carbonic Acid Machines. 

Properties op Ether, and Ether Machines. 

C H 1 

Ether, >0, is a colourless liquid of great mobility, and possessed 

of a strong and peculiar ethereal smell. Ether is lighter than water, 
having a specific gravity 0*736, and it is not miscible with the latter 
liquid. The boiling point of ether is 34*5°, and its vapour is thirty- 
seven iimes heavier than hydrogen. Ether burns with a luminous 
flame, and explodes when it is mixed with air, Tlie specific heat of 
Injuid ether is 0*51. 

The advantages and disadvantages of ether as an agent or medium 
have already been touched upon (pages 43 and 44), but they may be 
here recapitulated. 

The great feature of ether is that it possesses the quality of working 
with a low pressure in the condenser, an advantage of considerable 
importance in very warm climates, as the effici^mcy of a low-pressure 
ether machine does not fall oflf appreciably, even when the condensing 
water attains to a comparatively high temperature. This is also 
advantageous by reason of the low condenser pressure — not exceeding 
from 7 to 10 lbs. per square inch, even in the hottest climates — being 
favourable to the maintenance of tight joints, and the consequent 
economy of ttie chemicals. This low working pressure and the great 
simplicity of all the working parts renders this class of machine, 
moreover, comparatively easy to manage. 

On the other hand, the large size of the compressor required, about 
seventeen times that of* an ammonia compressor of the same capacity, 
is objectionable, both by reason of first cost of the machine and the 
space occupied by it. Another serious objection is the highly inflam- 
mable nature of ether, pwing to its low boiling point great precautions 
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are necessary to avoid explosions when using this substance!, by reason 
of the vapour becoming mixed with air. 

All formula and rules intended for use with ammonia compressors 
are equally applicable to ether compressors, except, .however, that it 
must be noted that the specific he-jit of the saturated vapour of ether 
is positive, and tliat (jonsequently it will superheat during expansion, 
and will condense during compression. This (piality renders it un- 



Fig. 62 . -Belt-drivon Horizontal Typo West Ether Compreasion Machine. 


necessary to make any pi'ovision against superheating, and an ether 
compressor is invariably worked with dry vapour. 

The ether machines of Twining, Harrison, Tellier, 8iebe Gorman 
& Co., and Della Beffa, have been already briefly alluded to on pages 
37 to 42. In Fig. 62 is illustrated' a modern standard type of ether 
machine constructed by H. J. West & Co., Ltd., London, which the 
company now supply for use in tropical countries. A commercially 
successful ether compression machine for *the manufacture of ice 
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in large quantities was built by Mr Henry J. West, the founder of 
this firm, in the year 1859, and the manufacture of machines of this 
type has been continued successfully up to the present day. The 
machine shown in the illustration (w hich* is intondtHl to be belt-driven) 
is of the horizontal t\q>e, and is arranged with tl)e condenser on one 
side, and an ice-making tank upon the other. 

Tn tlie larger pattern of ether machines made by the firm, having 
a capacity of from 12 cwt. of ice daily and upwards, the other com- 
pi’essor is placed on the same bed plate as the steam engine, and is 
connected tandem wise to the engine })iston rod. The motion work 
of these machines is of sutficiently mas.sive construction, and all 
wearing surfaces are of ample })roportions, each bearing, moreover, 
being provided with an automatic lubricator. 

An ether compression machine not being called upon to withstana 
the same high pressures as a carbonic acid machine, or even an 
ammonia machine (the working pressures of an ether machine being 
only about 7 lbs. to 10 lbs. per square inch above that of the 
atmosplnuxi), the same strength of construction is not demanded, 
and the (h^sign is very considerably simplified. The difficulty of 
makin,<| and maintaining tight joints is a comparatively easy matter, 
the pressure under whicli ether evaporates in the refrigerator being 
lower than that of the external atmosphere, but a very slight tendency 
exists towards leakage at the gland of an ether compressor. Any 
leakage* moreover, of air that may occur into the ether machine 
through faulty paijking or joints, merely causes a slight accumulation 
of pressure in the condenser, which can be easily relieved by means of 
a valve provided for tlio purpose. 

As ether possesses no affinity for the constituents of the atmosphere, 
there is consequently no danger of decomposition taking place, and the 
formation of acids or gases that may act injuriously on the interior 
surfaces of the machine, as is the case with sulphurous acid, which, 
under like conditions, decomposes and forms sulphuric acid. 

A quality possessed by ether is that it is in a liquid state at the 
ordinary atmospheric pressure, and at the usual atmospheric tempera- 
tures, so that it can be drawn out of ^ the plant at any time and stored 
in drums.* This fact renders ether an especially suitable agent or 
medium for use in portable refrigerating and ice-making plants, con- 
sequently, machines working on* the low-pressure ether anhydride 
process are those most usually chosen foi’ military purposes, and such 
machines were successfully used by the British Government for military 
operations and field hospital work in the Abyssinian War in 1868, the 
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Ashantee Campaign in 1874, the military operations in Egypt in 1883, 
the Ashantee Campaign of 1895, the Soudan Campaign of 1896-97, and 
the last protracted and unfortunate war in South Africa. 

Properties of Methyl Chloride, and Methyl Chloride Machines. 

Another very low-pressure agent or medium is methyl chloride 
(CHgCl), which is obtained as a colourless gas which condenses at -20“ 
Fahr. Methyl chloride is formed by acting upon methyl alcohol with 
hydrochloric or muriatic acid, or with phosphorus peritachloride, and 
is also obtained, together with other substances, by the action of 
chlorine upon marsh gas. 

Machines operating with methyl chloride as an agent are manu- 
factured by Messrs Douane, of Paris. As the pressure used with this 
agent does not exceed 10 lbs. per square inch above that of the 
atpiospliere, the same remarks apply to methyl chloride compressors as 
\to ether compressors, and the construction is practically identical. 
The condenser and evaporator tubes of the methyl chloride machines 
made by Messrs Douane are all covered with electro-deposited copper. 

In Fig. 63 is illustrated in vertical central section a compression 
machine, designed by Mr M. E. Douane. In this machine the cooler 
or refrigerator is shown on the left-hand side of the drawing. There 
is a hollow standard surmounted by a single-acting cylinder, the top of 
which has valves for suction and discharge. The space above the 
discharge valve communicates with a coil leading by a tube to the stop- 
cock serving for the admission of the refrigerating liquid in the cooler. 
The chamber underneath the suction valve communicates by a pipe 
with the outlet of vapour from the cooler. A gauge screwed upon a 
nozzle shows the pressure in the cooler. The piston of the compressor 
is worked by a rod and crankshaft which passes through a stuffing box 
in the side of the hollow standard. 


Properties op Sulphurous Acid, and Sulphurous Acid Machines. 

Sulphurous acid or sulphur dioxide (SO 2 ) is a gas obtained by the 
burning of sulphur, as has been already mentioned on page 44. 
Sulphurous acid has a molecular weight of 65, and a density of 32* 
The specific heat of liquid sulphurous acid is *41 (waters 1). The 
critical pressure is 79 atmospheres, and the critical temperature 312" 
Fahr. The specific gravity of the gaseous acid is 2*211 (air^^l), ahd 
the specific gravity of the liquid at a temperature of -4" Fahr. is 1*491, 
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Ancireef gives the following formula for expressing the relation of 
the specific gravity of the liquid to the temperature t : — 

= 1-4333 - 0-00277< - 0-000000271^2. 

Sulphurous acid or sulphur dioxide possesses the advantage of being 
liquefiable at a comparatively low temperature, and machines adapted 
to use this agent or medium, whilst not operating at anything like as 
low a pressure as ether or methyl chloride machines, still work at a 
very much lower one than ammonia machines, with condensing water 



Fig. Acting Inclosed Type Douane Methyl Chloride Compressor, 

Vertical Central Section. 


at normal teniperature, the pressure being only from about 36*75 to 
44 lbs. per square inch. Sulphur dioxide possesses certain lubricating 
qualities, consequently compressors using this agent require no extra 
lubricatiiMi, 

Sulphur dioxide is liable to form sulphuric acid on exposure to the 
air, and cause corrosion — iron l)eing the metal chiefly acted upon, and 
gun-met)al or copper being tolerably immune against attack. Conse- 
quentiy it is necessary to take great precautions against the presence 
of any leaky joints in th8 apparatus. 
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This comparatively low working pressure, and consequent corre- 
spondingly low temperature of compression, admits of machines using 





Fig, ()5. — Belt-driven Double- Acting Horizontal Type Quiri SiilphurouH 
Acid (jomjirossor. 

64, has a vertical compressor, the cylinder being bolted to the lower 
head which is formed in one piece with the guides, the latter, as well 
as the cranTcshaft journals, being cast together witli the condenser. 
The compressor is of the double-acting type, and is provided with 
valves of* phosphor bronze, with steel spindles. These machines are 
made in sizes of from 4| cwt. to 12 cwt. ice-making capacity per 
twenty-four hpurs. 

The larger sizes of machines are of the double-acting horizontal 
pattern, and are arranged either for belt or rope drive, or are direct 
coupled to a steam enginfi. 
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The belt-driven compressors consist either of a single cylinder 
double-acting pump, such as that shown in Fig. 65, which is of re- 
markably simple construction, or of two practically similar pumps, 
laterally coupled, that is to say, arranged side by side, and having a 
single crankshaft with two end cranks, and a central fly-wheel between 
the two compressors adapted for a rope drive. 

In another arrangement, intended for rope driving, two similar com- 
pressors are mounted in line upon the ends of a single bed plate. Both 
the piston rods of the compressor cylinders are in this case coupled 
through their connecting rods to the same crankpin upon a crank at 
the end of a crankshaft supported in a bearing upon the bed-plate, and 
in an outside bearing in a suitable pedestal. Upon this crankshaft 
jsi a fly-wheel, groovcnl for rope driving. This machine may be coupled 
to a Sulzer steam engine. 

One pattern of steam-driven compressor consists of a compressor 
practically similar to that shown in Fig. 58, laterally coupled to a steam 
engine with slide valve motion, in a similar manner to the two pumps 
above mentioned. 

These anhydrous sulphuric acid compressors are each connected 
with a condenser, either of the submerged or immersion J^^ype, or, 
in oases where condensing water is scarce, with a condenser of the 
atmospheric evaporative type, and with a refrigerator, and the entire 
refrigerating apparatus consists of these parts solely, no oil-pumps, 
oil-separators, rectifying apparatus, or other accessories, such as are 
required with ammonia and carbonic acid machines, being necessary. 
This fact obviously enables anhydrous sulphuric acid machines to be 
very much simplified in construction, and renders their successful 
working a far easier matter to accomplish, as the manipulation of the 
above apparati is t^roublesome, and to an unskilled attendant presents 
many serious difliculties. This system is one, therefore, which should 
most undoubtedly be advantageous for small machines intended for 
use in hotels, creameries, dairies, and in private houses, and by 
butchers, fishmongers, (fee., and in other places where the machine is 
left to the care of a comparatively unskilled person. 

A very small and remarkably compact belt-driven anhydrous sulphur 
dioxide or sulphurous acid machine, designed and patented by Messrs 
Douglas k Conroy, and manufactured by W. Douglas k Sons, Ltd., 
Putney, London, S.W., is shown in Figs. 66 to 69. Instead of the 
compi*e88or being mounted vertically upon the side of the condenser, 
as it is in the small machine previously described, it is, it vjill’ be 
seen, placed horizontally upon the top of th6 condenser, and is of the 
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inclosed t3T)e, consisting of two single-acting horizontal cylinders, 
arranged in line, the pistons being operated by a crank working in a 
box. The arrangement will be readily understood from the general 
view of the apparatus shown in Fig. 66, upon which for convenience the 
various parts are marked, and from the various other views. Fig. 67 



being a jjan of the compressor, Fig. 68 a vertical section on the 
line A-B,- Fig. 67, and Fig. 69 being a vertical section on the line c-d, 
Fig. 67.’ • , 

The compressor is of the single-acting duplex inclosed tyj^, and 
consists of two cylinders arranged in the same line axially, united by 
a central casing forming tbe crank chamber, and mounted on a bracket 
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on one side of the upper part of the condenser. The sides of the 
chamber are closed by ^as-tight covers in one of which is provided 
a stuffing box and gland through which passes the crankshaft. The 
outer portion of the crankshaft is supported in a bearing in a pedestal 
carried upon another bracket provided upon the opposite side of the 
upper part of the condenser, and this shaft has mounted upon its 
outer end the fast and loose driving pulleys, and on th(^ inner end, 
within the central crank box or chamber, a disc crank. 


c 



jTjg, 67. Belt-driven Horizontal Inclosed Type Douglas -Conroy Sulphurous 

Acid Compression Machine. Plan of Compressor. 


The two pistons working in the pump cylinders are rigidly fastened 
together by means of a rectangular frame or plate secured between 
them by bolts. The result of this arrangement is that the pistons 
Act as a continuous guide, being entirely free from lateral thrusts, and 
0ie usual guides are thus dispensed with, thereby considerably simpli- 
fying the construction. The pin* of the crank disc works in a slot 
provided in the central rectangular frame or plate connecting the 
pistons. This admits of a pause at the epd of each stroke, Which is 
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advantageous inasmuch as it gives the valves time to reseat themselves 
properly before the commencement of the return stroke. 

Four valves ‘are provided, two at each (‘xtremity of the duplex- 
pump cylinders, viz., one for compression and the other for suction, 
and each pair of similar valves is united into one pipe by means of a 


rfl 



Fig, 68.— Belt-driven Horizontal Inclosed Typo Douglas -Conroy Sulphurous 
Acid Compression Machine. Section on line a-ti, Fig. 67. 


tee connecting piece. The central crank box or chamber is kept 
partially full of oil, so that the working parts are immersed in an oil 
bath and have the most perfect lubrication. 

The condenser consists of a cast-iron tank and serves as a pedestal 
to support the compressor.# In this tank is placed a coil of wrought- 
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iron pipe teHtcid to a pressure of 500 lbs. per square inch, and welded 
into one piece without joints, in which coil the sulphurous acid gas 
is liquefied by the pressure from the compressor aiderl by the cold 
water circulating in tlu; tank. 



The evaporator or refrigerator consists of a suitable tank having 
a coil submerged in brine, and when the machine is used in connection 
with a pold room or store this evaporator tank is formed of galvanised 
iron, and of rectangular shape, and is placed directly in the room ojt 
store to be cooled. 
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Fig. 70 shows a horizontal type of belt-driven Humlwldt sulphurous 
acid or sulphui’ dioxide compression machine. A feature of this 
machine is that the cylinder is jacketed, no cooling of the piston rod 
being provided. The general design of the machine, which is made by 
the British Humboldt Engineering Co., Ltd., London, will be seen 
from the illustration. 

Amongst other firms manufacturing sulphurous anhydride com- 
pression machines mention may >)e made of the following : — A. Borsig, 
Tegel, bei Berlin, Germany ; The Raoul Pictet Company, of Paris ; 
Delion & Lepen of Pre Bt Gervais, Paris ; the Boci^te Genevoiso de 
Construction, of Geneva ; and Thomas Ths. Babroe & Co., Ltd., 
x\arhus, Denmark. 

Propebties op Carbonic Acid, and Carbonic Acid Machines. 

Carbon dioxide, or, as it is commonly called, carbonic acid (COg), 
has a inolecular weight of 44, an<^ a density of 22. Carbon dioxide is 
invariably formed when carbon is burned in an excess of air or oxygen. 
The best method of preparation is by acting upon marble, chalk, or 
other form of calcium carbonate with hydrochloric or muriatic acid. 
Carbon "dioxide occurs free in air, and in the water of some mineral 
springs, the quantity of the gas present in air being about 4 volumes 
per 10,000 volumes of air. As carbon dioxide is evolved in respira- 
tion and ,by the burning of coal-gas, <kc., it is always present in larger 
quantities in dwelling-houses than in the open air. Carbon dioxide 
gas is also given off during the process of fermentation, and is found in 
the bottom of old wells, &c. 

The advantages to be gained by the use of this agent or medium 
are : non-inflammability, high specific gravity, thus rendering its heat 
of vaporisation for a given volume much higher than that of ammonia ; 
and non-corrosive action on copper, which latter quality is of special 
advantage in marine refrigerating installations. 3'he objections to its 
use have been already gone into in a previous chapter. 

A simple and at the same time effective way to test the purity of 
liquefied carbonic acid is to solidify it, in which condition the slightest 
impurity can be instantly detected by smelling. A ready method of 
effecting this solidification is given by the Carbonic Acid Gas Com- 
pany, London, as follows: — “Place the tube on a box or chair in a 
horizontal position, tightly fasten a small linen or canvas bag (4 to 6 
in. square) over the nozzle of the tube, and open the valve fully. 
The acid will then strean^ out with full force, become solid inside t^ 

9 
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bag, and remain in that state for hours, evaporating only very slowly, 
and showing a teniperatun^ of about 200" Fahr. below freezing point.” 

Carbon dioxide machines hkve already been dealt with on pages 
45 to 47, where brief descriptions of the original machines of Wind- 



Fig. 71. — Belt-driven Vertical Tjrpe Hall Carbonic Acid 
Compreasion Machine. 


hausen and Lowe will be found. will be found there mentioned the 
Windhausen machine has been greatly improved by J. & E. Hall, Ltd., 
of Hartford, Kent, the proprietors of the original patents, who have 
been largely instrumentaUin introducing this system all over the world. 
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Figs. 71 to 77 illustrate a small, exceedingly compact and well- 
designed belt-drivtm carbonic anhydride machine made by the above 
firm. The design of this machine is, it will be seen, both simple 
and compact, and as the use of this agent admits of a very small size 
of compressor being employed relatively to the work performed, the 



Fig. 7‘2. — Belt-driven Vertical Type Hall Carbonic Acid Compression Maclaine. 
Sectional View. 

whole ms^chine occupies but little space. The general arrangement of 
the machine will be readily understood from the sectional view, Fig. 72, 
in which c is the compressor verticfilly mounted, as shown, on the side 
of the condenser tank or casing r, the latter being fitted with coil e, 
n is the evaporator casing fitted with an evaporator coil and arrang^ 
inside the condenser r, so that its lower part U surrounded by the Is^tt^r, 
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the condenser coils c occupying the annular clearance or space round 
the evaporator^ and the evaporator casing n forming an insulated divi- 
sion between the condenser casing r and the eva})orator coils t. o is the 
regulating or expansion valve or cock, and g anti j) are respectively the 
condenser and evaporator gauges, s is the separator, p is a patent 
safety valve, o is a patent hollow oil gland for preventing leakage 
taking place round the compressor piston rod. co is the connecting 
rod, s is the crankshaft, d the driving pulley, and u the brine circu- 
lating pump. 



Figs. 7H and 74.— l^clt-dnveu Vertical Type Hall Carbonic Acid Compression 

Machine. Cross ISeotion and Vertical Central yection through Cylinder. 

It will be seen that the machine consists essentially of a circular or 
rectangular cast-iron tank r carrying the compressor c, inside which 
tank are the bondenser coils c, and inside these again is a double tank 
Uy with insulation between and the evaporating coils t in the centre. 

The comjprossor cylinder c, which is shown in vertical longitudinal 
section in Fig. 74, and in transverse or cross section looking on back 
end in Fig. 73, is cast in a specitil hard bronze for these small-sized 
machines, by which means the two essentials of soundness and hardness 
are ensured, and the suction and delivery valves are identical for 
facilities of interchange. The compressor piston rod gland o is kept 
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gas-tight by means of two cupped leathers on the compressor rod, as 
clearly shown in Fig. 74. A special oil is forced into the space between 
these two cup leathers at a pressure above the greatest pressure liable 
to occur in the compressor, so that whatever leakage takes place at the 
gland is a leakage of this special oil, either into the compressor cylinder, 
or out into the atmosphere, and thei’e can be no leakage of the gas. 
What slight leakage of the special oil takes place into the compressor 
cylinder is advantageous, inasmuch as it serves both to lubricate the 

compressor and to fill up all clear- 
ances. 

If the gland should require pack- 
ing, and no cup leathers be available, 
the special ring shown in Fig. G7 ma}* 
be used with ordinary packing (see 
chapter on “Management,” &c.). 

The loss of oil from the lubricator 
due to leakages is replaced by means 
- of a small hand pump, a few strokes 
of which will be rt^quii-ed to be made 
every four or five hours whClst the 
machine is at woi*k, as may be indi- 
cated ))y the position of the piston 
1 ‘od of the pressure lubricator. 

The oil passing into the com- 
I)ressor cylinder serves the purpose, 
as above mentioned, of filling up the 
clearance spaces, and any surplus 
Fig. 75. -Bolt-driven Vertical above what is required for this pur- 
Type Hall Carbonic Acid Coinpres- pose wilt be discharged with the gas 
sion Machine. Vertical Section through the delivery valves. In 
through Spiral Packing Ring. order to prevent the oil discharged 

with the gas from passing into the 
condenser coils, all the gas is delivered into the separators wherein* it is 
made to impinge against the side^ of the vessel, and the oil adhering to 
the latter drains to the bottom, and is drawn off from time to time as 
occasion may require, whilst the compressed gas passes off by an 
opening at the top on its way to the condenser. In the suction passage 
is fitted a suitable copper strainer as shown in Fig. 7 6. 

The condenser consists of coils e, of wrought-iron hydraulic pipe, 
usually of yjv hi. bore, which in the subinerged or immersed ,type 
employed m the present example are placed in the tank r, and 
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surrounded with water. The coils are electrically welded together into 
such lengths as^to avoid the presence of any joints inside the tank. 

The evaporator or refrigerator consists of an insulated tank n, 
containing nests of coils t, also formed of long lengths of electrically 



t"ig. 7(). —Belt-driven Vertical Type Hall Carbonic Acid Conipresaion Machine. 
Vertical Central Scctiotj through Suction Passage. 


welded wrought-iron hydraulic pipes within which the carbonic 
anhydride evaporates. The heat required for evaporation is obtained 
from the brine surrounding the pipes. A regulating oi- expansion 
valve 0 placed between the condenser coils c and tht; evaporator coils i 
admits of the quantity of liquid carbonic anhydride 
passing from the condenser being suitably regulated. 

To enable the compressor c to be opened up for 
examination of the valves and piston without loss 
of carbonic anhydride, stop-valves are fitted on the 
suction and delivery sides, by means of which the 
carbonic* anhydride can be confined to the condenser 
and evaporator. 

As the machine might be again started, after 
being thus shut down, without the delivery valve 
being opened, which would lead to an excessive 
pressure in the delivery pipe’, owing to there being 
no outlet from the latter, and pn)bably result in the 
fr’acture of this pipe, a safety valve p is provided. 

This safety valve, which is shown in vertical central 
section, drawn to an enlarged scale, in Fig. 77 , con- 
sists, it wiir be seen, of an ordinary spring safety 
valve, at the base of which is a thin copper disc -a, 
which is designed to relieve any excessive pressure, 
considerably Mow that to which the machines are 
tested. The disc is made perfectly gas-tight, an object which it would 
not be possible to obtain by means of the spring safety valve alone, 
and this latter only comes into action upon the rupture of the yopper 
disc A. 



Fig. 77.- Belt- 
driven Verticsal 
'Pype Hall Car- 
bonic Acid Com- 
pression Ma- 
chine. Vertical 
Central Section 
through Safety 
Valve. 
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Fig* 79.— Horizontal Type of Duplex Steam-driven HaU Carboidc Acid Compi 
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Great care has necessarily to be exercised in making these copper 
discs, so as to guard against variations in strength, due to any 
differences either in the thickness or hardness of the copper sheets out 
of which the discs are made. 

About 1 J brake horse-power is required to drive this smallest size 
self-contained vertical type of machine. 

A horizontal single-cylinder double-acting Hall carbonic anhydride 
steam-driven compressor, side by side pattern, is shown in Fig. 78. 
This type of compressor is arranged with the compressor and single 
steam cylinder side by side, both connected up to the same shaft. 
The machine is especially made for ice-making plants in which clear 
ice is made from distilled water. The machine shown in the illustra- 
tion has a capacity of 60 tons of ice per day. 

Fig. 79 illustrates a horizontal duplex Hall carbonic anhydride 
machine, fitted with compound steam cylinders arranged side by side, 
and with a surface or jet steam condenser located in the front part of 
the machine. The two compressors are, it will be seen, driven by tail 
rods from the steam cylinders, and the cranks of the latter are placed 
at right angles to each other, thereby ensuring an even turning 
movement. » 

Each compressor cylinder is arranged to deliver the compressed 
carbonic acid or carbonic anhydride into an independent condenser 
consisting of coils of pipe, in which the compressed carbonic anhydride 
is condensed into a liquid form by the cooling water circulatffig round 
the pipes, the coils of pipes being contained in a steel casing through 
which the water is circulated. A separate evaporator or refrigerator 
is provided in connection with each of the above-mentioned condensers, 
this evaporator consisting of coils of pipes, in which the liquid carbonic 
anhydride evaporates, and during this process cools the brine surround- 
ing these coils. 

Figs. 80 and 81 show two of the most recent patterns of Hall 
carbonic acid compressors. The vertical belt-driven type shown in 
Fig. 80 is constructed in sizes of 1 to 5 tons ice-making capacity. * The 
horizontal type illustrated in Fig. 81 is constructed in sizes of 6 tons 
ice-making capacity and upwards. 

The general construction of the above machines is clearly shown in 
the illustrations. The vertical machines of up to 2 tons ice-making 
capacity, however, are fitted with ’the Hall standard double-acting 
hard bronze CO.^ compressors. The larger vertical machines and the 
whole of the horizontal machines are provided with double-actings CO 2 
compressors, each cut from a solid ingot of l^pecial high carbon steel, 
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.nd all sizes are provided with patent oil sealed glands and pressure 
ubricators. The compressor pistons are fitted with hydraulic leathers 
Liid the glands on the standard machines each contain two hydraulic 
eathers, the gland being kept tight by the oil from the pressure 
ubricator. In special cases, or for tropical work, however, the 
uachines are frequently fitted with the Hall patent metallic gland 



Fig. 80 .— Vertical Type of Belt-driven Hall Carbonic Acid Coniiiressor. 

Mo.st Recent Pattern. 

packing, still retaining the pressure lubricator, and with nietalUc 
piston riilgs. 

The compressor suction and delivery valves are made interchange- 
able, and each are provided with -separate and interchangeable valve 
seats. The valves and seats are made of special hard steel, and are 
so arranged that they can readily be withdrawn or replaced without 
disturbing any of the connections. As shown in the illustrations' 



Fig. 81.— ^Horizontal Type of Belt -driven Hall Carbonic Acid Compressor, ^lost Recent Pattern. 
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both vertical and horizontal machines have the open type flat slipfper 
guide, which gives much gi eater accessibility. All bearing surfaces 



Fig. 82. —Vertical Typo of Steam-driven West Carl)onic Acid Compression 
Machine. 

are of ample size to ensure satisfaotory and continuous working over 
long periods, » 
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•Fig. 82 illustrates a steam-driven vertical carbonic anhydride 
machine, built by H. J. West &, Co., Lttl., London. This type of 
machine is made in various sizes, from No. 1 machine of 3 cwt. 
ice-making capacity per twenty-four hours, up to the No. 8 machine 
of 2 tons ice-making capacity per twenty-four hours, the smaller sizes 



Fig. S3.— -Vertical Type West Carbonic Acid Compression Machine. Vertical 
Central Section through Compressor Cylinder. 

being belt-driven. The amount of condensing water at 55” Fahr. 
required for the smaller size is 48 gals, per hour, and that for the 
larger 400 gals, per hour. 

The arrangement of this type of Vertical compressor is very neat and 
(X)mpact. A rigid girder-shaped vertical cast-iron frame carries the com- 
pressor and motion work, and the perfect argument of the pistcn rod 
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and crosshead is secured by boring the pump seat and guide channel in 
one operation. The condenser, which is of the submerged type, is placed 
behind the compressor, and is coupled directly to it by an extension of 
the wrought-iron coil without any intermediate pipes or joints. 

These small machines have compressor cylinders cast from a special 
bronze alloy, combining the requisite sti*cngth and soundness, and 
finishing to a perfectly hard, smooth surface for the piston rings to 
work on. 



Fig. 84. — Vortical Type West Carbonic Acid (Jompreasion Machine. Vertical 
Central Section through Valve. Enlarged Scale. 

The construction of the compressor will be readily understood from 
the vertical central section shown in Fig. 83. The suction and delivery 
valves are m^e exactly alike, and of the same size for the purpose of 
interchangeability, so that one spare valve will replace either. The 
valve, whi^h is shown in central section, drawn to a greatly enlarged 
scale in Fig. 84, is made of tempered steel, and beats upon a hard 
phosphor bronze seat, forming a perfectly gas-tight joint when closed. 
Another point is that the weight of the valve is reduced to a minimum, 
and the lift is under one-gighth of an inch, so that it has no tendency 
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bo hammer itself to pieces. The method of forming a gas-tight joint 
round the piston rod is shown in Fig. 83 and is, it will be seen, 
practically similar to that employed in Messrs Hall’s carbonic acid 
compressor. Two capped hydraulic ram leathers are placed face to 
face upon the rod about 3 in. apart, the space between them being 
filled with oil, which is fed in from the small lubricator shown on 
the left-hand side of the illustration. The oil bath which surrounds 
the rod both effectively stops all leakage of gas, and, at the same time, 
serves to lubricate the piston rod and cylinder, and to fill up the 
clearance spaces. The surplus oil passing through the compressor is 
trapped in an oil separator, from which it can be removed as desired. 

A dead weight safety valve is fitted to all these compressors, except 
the very smallest size, and is set to blow off a little above the highest 
working pressure of the machine. The design and construction of this 
little machine is good, the bearings have liberal wearing surfaces, and 
are adjustable, thus reducing wear and tear to a minimum, and tending 
to prevent any noise when running. Special attention is paid to the 
lubrication of the working parts, every bearing and working surface 
is provided with an automatic lubricator, which feeds just sufticient 
oil to maintain the surfaces in proper working condition, and no more, 
thus preventing or greatly reducing dirt, waste, and the tendency to 
hot bearings. 

A standard pattern of belt-driven horizontal carbonic anhydride 
compressor is also made by the same firm. The steam-driven horizontal 
compressor is arranged tandemwise to the steam engine cylinder, and 
the compressor piston rod is coupled to a tail rod on the steam piston. 
Steam-driven horizontal compressors are also made of the duplex type, 
coupled direct to compound or triple expansion condensing steam 
engines, and so arranged that one-half the plant, consisting of com- 
pressor, condenser, and evaporator, may be disconnected for overhauling 
or repairs, whilst the other half continues in operation. 

Max^hines of 6 tons ice-making capacity and over are fitted with 
compressors bored out of a solid steel forging, by which both soundness 
and strength of material is secured, and furthermore, a hard, smooth, 
glassy surface for the piston rings and cup leathers to work ’Upon. 

^ Kroeschell Brothers Ice-Making Co., of Chicago, III, U.S., manu- 
facture carbonic anhydride machines of both vertical and horizontal 
patterns, the former being that used for the smaller sizes of machines, 
and latter for the larger ones. 

Fig. 85 shows a front view of a small vertical belt-driven machine 
of J ton ice-making capacity per twenty-four hours, and requiring, 
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1 H.P. for drivin" purposes. This type of machine is made in seven 
different sizes, the smallest being the above, and the largest having 
an ice-making capacity of 3 tons per twenty-four hours, and requiring 
12 H.P. Two vertical single-acting comprt‘ssors ai*e located inside 
the cast-iron condenser tank, which latter is mounted upon a frame 



Fig. S5. — Veisfeical 'lype Belt-driven Kroeschell Carbonic Acid Comprossicm 
Machine. 

consisting ol a box casting carrying the crankshaft and guides. The 
compressor cylinders are made of semi-steel, which secures the two 
essentials of soundness and hardness, and the piston rods are provided 
with a patent stuffing box sealed with gly(;erine. This device consists 
of cupped leathers on the compressor rod, into the spaces or chambers 
10 
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between which glycerine is forced at a pressure superior to the suction 
pressure in the compressor, so that any leakage at the stuffing box is 
,u leakage of glycerine, either into the compressor cylinder or out into 
the atmosphere, and not a leakage of gas. 

Obviously the leakage of glycerine into the compressor cylinder is 
an advantage, as it both serves to lubricate the piston and also to fill 
up all clearances. The glycerine is forced into the chambers by means 
of a hand pump, a few strokes of which are required to be made every 
four or five hours. Each cylinder has a suction and discharge valve, 
all of which are located at the top of a joint or common cylinder head, 
thus rendering them easily accessible. The valves are made of forged 
steel, and are so designed as to combine strength with lightness. On 
one side of the cylinder head is provided a filling valve, which can be 
easily connected by means of a short pipe with the ordinary drum of 
carbonic anhydride now in common use. Stop-valves are provided in 
the suction pipe as well as the condenser coil, so that the suction and dis- 
charge valves in the condenser coil can be examined without loss of gas. 

' The condenser consists of a spiral coil made of extra strong iron 
pipe, surrounding the compressor, and is connected at one end with 
the discharge side of the latter, and at the other end with a combined 
separator and liquid receiver, placed at the back of the frame.^ 

The crankshaft bearings are formed in the cast-iron frame support- 
ing the condenser tank, and the double-throw crankshaft actuates the 
compressor pistons by means of strong yokes, having guides at the 
lower side, thus enabling the long connections, such as connecting rods 
and crossheads, which would be otherwise necessary, to be dispensed 
with. The double-throw crankshaft is made of forged steel, and is 
extended or overhanging at one side of the frame, so as to receive 
the fast and loose driving pulleys. 

The receiver corlsists of a strong wrought-iron cylinder, with a 
stop-valve located at the top, and a blow-off cock at the bottom, the 
latter admitting of the glycerine carried over from the cylinder being 
drawn 6ff. A gauge mounted upon a three-way valve, by meang of 
which it can be caused to communicate either with the compressing 
or with’ the suction side of the machine, is pi'ovided on the top of the 
» condenser tank. 

On the opposite side of the machine to the driving pulleys is 
provided, as will be seen in the di:awing, a small hand pump, by the 
operation of which the cylinders can be lubricated. A safety valve 
is also provided to guard against possible accident through neglect or 
ignorance on the part of the attendant. 
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The larger sizes of vertical combined compressors and condensers 
are identical in design with the exception that they are fitted with 
connecting rods .and crosslieads instead of yokes, and these cioss- 
heads and connecting rods, as also the main bearings and the double- 
throw crankshaft, are all of extra strength, and have large wearing 
surfaces, and every provision is made in them, as in the smaller 
machine, for meeting any excess of regular duty. All the machines 
are fitted with an automatic lubricating device. The machines are 
also built direct coupled with a vertical steam engine, or geared to an 
electric motor. 



Fig. 8U.“ fUaizonlal J ype Ikit-dnven Kroeschcll Carbonic Acid Compression 
Machine. 


The larger sizes of carbonic anhydride machines constructed by 
the firm are, as before intimated, of the horizontal })attern, and their 
standard sizes run from 2 tons ice-making capacity per twenty-four 
hours up to 50 ton ice-making capacity per twenty-four hours, requiring 
respectively 8 H.P., and 120 H.P. for driving purposes. 

Pig. 86 shows a standard pattern of belt-driven Kroeschell hori- 
zontal double-acting compressor. The compressor cylinder is provided 
with a jacket through which the return gas passes, which arrangement 
it is claimed both impart^ greater strength to the cylinder, and also" 
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keeps it perfectly cool. The piston rods, connecting rods, cranks, pins, 
and valves are made of forged steel, and the latter are made identical 
for facilities of interchange. 



Leakage round the compressor piston rod is prevented by an 
arrangement similar to that used on the small vertical type of machine, 
but instead of the hand pump, a belt-driven pump operating con- 
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tinuously is provided for replacini^ tlie £(lycerine which leaks out of the 
stufting box. 

glycerine which passes into the compressor beyond what is 
necessary to hll the clearance spaces is discharged with the gas through 
the delivei’y valves. This glycerine is prevented from going into the 
system by a separator in which the glycerine drains to the bottom, and 
can be drawn off from time to time. As glycerine has no aflinity for 
carbonic acid, and consequently undergoes no change in the machine, 
there is no chance of th(’i condenser coils becoming clogged. 

The condenser consists of coils of wrought-iron (;xtra heavy pipes 
so welded as to avoid any joints in th(‘ tank, and arranged either on 
the submerged or on the atmospheric or evaporative principle. The 
evaporator also t!onsists of similar coils of pip(\s, a rf^gulating or ex- 
pansion valve being provided between it and the condenser. The * 
safety valve consists of a liousing at the base of which is a tliin disc, 
calculated to blow off at a pressure considerably below that to which 
the machines are tested. The joints have all special flange unions and 
brass bushings, and are made absolutely gas-tight with packing rings 
of vulcanised fibre which, whilst withstanding heat, have also sufficient 
elasticity to ensure the tightness of the joint when either liot or cold. 

The firm also make belt or rope driven horizontal double-acting 
double compressors arranged tandem-wise or in line, and driven from a 
crank on a centi’al crankshaft. These machines are suitable for large 
installations. 

Fig. 87 illustrates a horizontal type of belt-driven Humboldt car- 
bonic acid compression machine. A feature in this machine is the 
facility with which the parts can b<‘ got at for inspection or repairs. 
The pressure valve is fitted with a safety device which is connectc'd 
with the suction channel. 

Fig. 88 shows a large duplex carbonic anhydride compressor built 
by the Haslam Foundry and Engineering Co., Ltd. 

A carbonic acid machine made by the Cochran Company, Lorain, 
Ohio, United States, is of the belt-driven vertical pattern, and the 
compressor cylinder is mounted upon a box-shaped or hollow bed-plate 
on which is placed the condenser, thus forming a very compact and 
neat arrangement, and lending itself to transport. 

A later design of machine by this company has the hollow or 
box pattern bed-plate extended, and is driven by a motor mounted 
upon the latter. 

A compact and well-designed horizontal type of carbonic acid 
compressor is made by the* Atlas Co., Ltd., Copenhagen, which firm 
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manufactiiro the refrigerating machinery under the Schou patents, 
originally made by the Tuxen & Hammerich Co. 

A recent dejfign of carbonic acid machine built by Mollet, Fontaine, 
et Cie, of Lille, France, consists of a single-acting compressor direct- 
driven by a horizontal steam engine. The arrangement for forming 
a gas-tight joint round the compressor piston rod comprises a stuffing 
box having three compartments, the two outer ones being filled with 
glycerine, a small portion of which is drawn in by the rod into the 
inner box or compartment to act as a lubricant. One of these com- 
pressors was exhibited at the late Paris Exhibition in the French 
brewery section. 

Another carbonic acid machine shown at fhe above Exhibition 
was one built by Escher, Wyss, et Cie, Switzerland. This machine 
comprises a single compressor cylinder fitted with cast-steel valves on 
phosphor bronze seats, and driven direct by a horizontal 50 H.P, 
steam engine. The capacity of the machine is 12 tons of ice per 
tw(‘nty-four hours. 

Thomas Ths. Sabroe & Co., Ltd., Aarhus, Denmark, are manu- 
facturers of a vertical type of carbonic anhydride machine, which has 
the foundation plate of the compressor and the condenser cast in one 
piece, and all the parts made interchangeable. The general arrange- 
ment of the apparatus resembles that of Hall’s vertical pattern machine. 

Carbonic acid machines are also made by Wegelin & Hiibner, 
Act.-Ges!, Halle-on-8aale ; D. Stewart & Co., Ltd., Glasgow; and 
others, whose machines the space at our disposal does not permit us 
to undertake to describe here. 
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(’ONDKNSEliS AND WATER (DOLTNIi AND 
SAVING AI-l’ARATUS 

Submorgofl Condensera— Amount of Cooling Water Reciuired— Atmoaphorio or 
Open-Air Evaporative Snrtaco ( ’ondeuaera —Amount of Condenaer Surface 
Required— Amount of Cooling Water Required -Supplementary Condenaera 
nr Korecoolera — Double-Pipe Condenaera — Hendriek’a Condenaer - Water 
Cooling and Saving Apparatus— Water Cooling Powers. 

As has been already mentioned in tbe fifth chapter, on(^ of the three 
essential parts of any compi’ession machine is the condenser, the 
function of which is to supplement the action of the compressor or 
pump. 

The condensers in most general use may bo classified under two 
main heads, the submerged type of condenser and the atmospheric 
<)!• open-air evaporative surface type of condenser, the first having 
always some arrangement of coils immersiMl or submerged in a tank 
of cooling water, and the second invariably consisting of coils of pipe 
or tube exposed to the air, with water trickling over them. 


' Submerged Condensers. 

The submerged type of condenser is the only one applicable in 
some qases, as for instance in marine installations ; it has, besides, 
certain specific advantages which will be next treated of, but it' may 
be premised that it consumes a large amount of cooling water, which, 
where water has to be paid for at a high figure, may amount to a 
serious item in the working expenses. The system, however, admits 
of the condenser being located in any part of the building, or in the 
open air, as may be desired, occupies comparatively little space, allows 
the cooling water to be admitted to the condenser at the bottom near 
the exit for the condensed gas, so that the water gradually rises ,as it 
becomes wfirmer, until it is discharged at the top, whilst the warm 
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gas entering the coiidonsi;r at the top-ht^ader, tieww d(^wnward through 
the coils, and parting with its sensible and latent heat to the cooling 



water becomes liquid and drains away to the bottom-header. And, 
finally, the submerged pipes in a condenser of this description remain 
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clesCn, and tlierefore in an efficient condition, much longer than they 
do when exposed. 

To secure the utmost efficiency of a condenser of the submerged 
type it is absolutely necessary that the cooling water should be kept 
in a state of agitation by some .suitable means so as to prevent the 
formation and collection of a film of warm water round the pipes. 

Several condensers of the submerged type have been already illus- 
trated, and briefly described, in connection with various compression 
machines, in previous chapters. 

Fig. 89 shows in vei’tical central section a patent condenser of the 
submerged type, invented by Mr Leuig Chew, and manufactured by 
Messrs H. J. West & Co., Ltd., Ijondon. 

The construction of this apparatus is almost sufficiently obvious 
from the drawing, and but little explanation is needed. A special 
feature is the automatic device for breaking up the above-mentioned 
film of warm water, and dispersing the air bubbles, thus bringing the 
cbld water into intimate contact with the surfaces of the pipes, and 
promoting the most complete interchange of heat. This device con- 
sists of a revolving agitator, fitted with helical blades, which is slowly 
and automatically rotated by a small turbine fixed on the to^ of the 
condenser, and operated by the same water which is afterwards used 
to circulate through the condenser for cooling purposes. This arrange- 
ment offers the obvious advantage of saving the expenditure required 
for driving the agitator, as well as enabling the more or less complex 
arrangement of toothed gearing and belt pulleys, used when it is 
driven in that manner, to be dispensed with. 

Compound submerged condensers are also constructed by some 
makers. In one arrangement of this description the hot gas from the 
compressor is firs^; passed into a primary condenser, consisting of a 
single coil of pipe submerged in a tank ; the gas and liquid leaving this 
coil at the bottom is passed on to a secondary condenser, and is there 
delivered by a distributing head, or manifold inlet, to the tops of three 
coils submerged in a second tank located above the first one.* The 
cooling water is admitted to the bottom of the upper or secondary 
condenser tank, and is taken from the top of the latter to the bottom 
of the lower or primary condenser tank, and finally runs off by an 
overflow at the top of the latter. 

, In a better arrangement thtfn ,the above the single-coil primary 
condenser, to which the hot gas from the compressor is first delivered, 
is* located on the top, and the secondary condenser with three coils 
to which the gas and liquid is next passed, cis placed below or under- 
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neatli the fer’iiier. The coolinj^; water is, in this arrangement, deliV^ered 
simultaneously to the bottoms of both condensers, and is finally run 
off in a like mafiner at the tops of them. 

Fig. 90 shows a pattern of condenser patented by H. H. Schou, 
which is divided into two or more sections, connected so that the 
cross area of a section will be suited to the state and feed of 
the cooling medium therein. These separate coils are either of equal 
or different lengths, and may be arranged in several ways. In the 
foi’m shown in the drawing the li{|uefied agent ent(*rs the coil marked 
/; and as it evapoi-ates passes through the coupling A, coils c?, 
coupling i, and coils />, c, from which the gas is removed by the 
pipe g. 

A type of condenser, patented by Mr T. B. Lightfoot in 1885, 
consists of coils or zigzag pipes, arranged with one or more zigzag 
passage's betwe(m them, formed in a tank or vessel, 
the arrangement being such that the water or re- 
frigerating medium enters the coils or zigzag pipes 
at the bottom, the vapour being drawn off by a 
pump at the top, whilst the fluid to be cooled enters 
tlie ta^k or vessel at the top of the tank, and after 
travelling along the whole length of each coil or 
zigzag, is dr'awn off at the bottom. 

The coils of pipe in a submerged condenser 
usually 'Consist of IJ-in. to 2-in. pipe in one or more 
sections, preferably a number connected by -mani- 
fold inlets and outlets, so that one or more of the sections may b< 
shut off for repairs, etc. In some constructions the pipe at th( 
vapour inlet end is of larger dimensions, and arranged to taper dowi 
to the outlet end, the agent being there partially liquefied, anc 
occupying less space. 

The amount of condenser surface to be employed is best determiner 
by practice. According to Professor Siebel it has been found that fo: 
average conditions (incoming condenser water 70” and outgoing con 
denser water 80°, more or less) for each ton of refrigerating capacity 
(or for J ton ice-making capacity) it will take 40 sq. ft. of condense: 
surface* which corresponds to 64 running feet of 2-in. pipe, or tr 
90 running feet of IJ-in, pipe. Frequently 20 sq. ft. of condense 
surfarje, and even less, are allowed per ton of refrigeration (double tha 
for actual ice-making capacity), but this necessitates higher condense 
pressure, &c., and is deemed poor economy by many engineers. 

The Triumph Ice Machine Co. give for their ammonia condense 



Fig. 90. - 
Rchou’s Patem 
Condenser. 
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about 120 ft. of pipo, or 70 ft. of 2-in. pipe per ton. They also 

reconirnend at least 20 in. clearance .space between the coils to admit 
of easy access to all parts ; that the condenser should never exceed 
20 ft. in length ; and that it should never be above sixteen pipes high. 

According to Professor Hiebel* again the number of scjuare feet of 
cooling surfac^e f required in a subnu'rged condenser may be approxi- 
mately calculated after the formula — 


F- 


hk 

m{t - 1^) 


.sq. ft., 


in which h is the heat of vaporisation of 1 lb. of ammonia at the 
temperature of the condenser, k the amount of ammonia passing the ^ 
compresst)r per minute, and m the number of units of heat tran.sferred 
‘per minute per square foot of .surfa(!e of iron pipe, having saturated 
ammonia vapour inside, and water outside, t represents the tempera- 
ture of the ammonia in the coils, and that of the cooling water 
^outside of the coils, i.e., mean temperature of the inflowing and out 
flowing cooling watei’. Taking the figures already given as a guide, the 
factor m is equal 0*5, so that the formula reads — 


F = 


•h.k 


sq. ft. 


This formula, like others which have been given on this subject, is, 
it must be understood, an empirical or experim(mtal one. • 

Referring to amount of cooling water required, the same authority 
observes that the heat which is transferred to the ammonia whilst pro- 
ducing the refrigeration, and also the heat equivalent to the work done 
upon the ammonia by the compressor (superheating being prevented), 
must be carried aw^y by the cooling water, expressed in thermal 
units; and speaking theoretically, the sum of these two heat effects 
is equal to the heat of vaporisation of the ammonia at the temperature 
of the condenser. On the basis of this consideration, the amount of 
cooling water a, in pounds required per hour, may be expressed* by 
the formula — 


h.k X 60 ,, 

lbs. 

t-i 


or in gallons after division by 8 '33, the signs having the same signifi- 
cance as in the foregoing formulas, * with the exception of ty which 
represents the actual temperature of the outgoing, and which re^re- 

* “Compendof Meolianical Refrigeration,” H. S. Rich & Co., Chicago, 1899. 
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sents the actual temperature of the incoming cooling watcjr. Practically 
the amount of water used varies all the way from 3 to 7 gals, per 
minute per ton ice-niaking capacity in twenty-four hours. 

The following table, compiled by Mr Eugene T. Skinkle, gives the 
dimensions of submerged condensers of some plants in actual operation 
in the United States : — 


Dimensions of SunMEiujEn Condensehs. 



ATMusPHjbiRic OR Open-air Evaporative Surface Condensers. 

In this class of condenser the lines of pipes or tubes through which 
the agent passes are so located as to be exposed to more or less con- 
stant currents of air, and generally, in addition t(j the latter, cooling 
water is caused to trickle over the pipes. The vaporised agent should 
preferably be passed in this arrangement in an opposite direction to the 
cooling water. That is to say, it should be admitted at the bottom of 
the condenser, and in this case the liquid, as fast as it is formed, passes 
off to the side into a vertically-placed manifold. By this me^ns the 
warm gas entering the condenser meets the warmer water, and the gas 
as it ascends in the condenser constantly meets colder water, until its 
temperature is nearly reduced to that of the water when it first comes 
in contact with the condenser pipes, liquefaction then taking place. 

Atmospherical condensers w’hich are said to give excellent results 
are also formed of vertical sections of pipe, the compressed vapour 
lieing delivered to each s(|i;tion at the top from a common manifold or 
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distributing head, and discharging the liquid at the bottom into another 
common manifold or distributing head, which latter is connected with 
the liquid receiver. 

The ordinary form of atmospheric condenser is of very simple 
construction, and consists essentially of a stack of tubes placed in lines, 
with return bends and heads, and some water-distributing arrangement. 
Fig. 91 is a diagram showing a simple plan for distributing the water, 
which is self-explanatory. It will be noted that the cooling water 
should pass through an exactly contrary sequence to that undergone 
by the compressed vapour, viz., during its downward course it should 



Fig. 91.— Diagram showing Simple Method of Distributing 
Water in Atmospheric Condenser. 

constantly meet warmer gas or vapour, and consequently be gradually 
increas^ in temperature until it finally leaves the condenser by the 
trough shown at the bottom. By means of this gradual extraction of 
heat the difference between the initial and final temperature of the 
water will be greater than could be obtained were the gas and the 
water to. flow in the same direction. In the De La Vergne, Eclipse, 
and other standard American condensers, the gas enters at the bottom, 
w^kt the cooling water is applied -at the top. 

In. Fig. 92 is a diagram showing a common arrangement for the dis- 
tribution of water, r indicating the water trough in transverse section, 
and fl the condenser tubes through which the* hot gas or vapour passes. 
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This arrangement, it will be seen, results in the water spattering to sUch 
an extent that partitions have to bo provided between and at the ends 
of the series of vertical coils. Fig. 93 shows diagrammatically a very 
simple plan, given in an American journal, for avoiding this objection- 
able spattering, which consists of a strip of metal or fin, T, which is 
attached to the underside of each of the condenser pipes or tubes s, and 
which serves to guide the water falling from the trough r quietly to the 
top of the pipe or tube below where the stream divides, one-half pass- 



Fiu. 9*2.— Diagram showing Objeo- 
tiotis to Common Plan of Distribut- 
ing Water in Atmospheric Con- 
densers. 


Fig. 93. — Diagram showing 
Method of avoiding Spattering in 
Distributing Water in Atmospheric 
Condenser. 


ing tlown and round one side of the tube, and the other half down tlie 
other side of the tube as shown. 

Fig. 9^^ shows an arrangement adopted by some American and other 
makers for removing the liquefied agent from the condenser, and 
delivering it into the storage tank,, as soon as formed. This is effected 
by the introduction of drip-pipes v, connected with, the return heads 
U of several of the coils of pipe or tube s, and with the storage tank 
or liquid receiver w, so jis to draw off the liquid at diffei*ent levels. 
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In' this manner the liquid formed near the top of the condenser at a 
lower temperature is prevented from falling to the warmer lower coils, 
in which a reabsorption of a certain amount of heat would take place, 
with a resultant loss of work. 

Fig. 95 illustrates an open-air evaporative surface condenser, built 
by Messrs Haslani, of Derby, which is arranged to work upon the 
principles above enunciated, by which the greatest possible amount 
of efficiency is secured. The condenser shown is built in a nest of 
five sections, thus rendering it more convenient for transport, and also 
admitting of easy access being had to 
all parts of the apparatus for repairs. 
Each section is provided with indepen- 
dent valves and cocks, so that any 
particular section may be shut off at 
any time if desired. 

Fig 96 shows the Haslam interlaced 
type of ammonia condenser. In this 
pattern each nest is composed of thr’ee 
independent coils of pipe welded into 
one continuous length. 'Jffie ends of 
the three coils are connected to headers 
at the top and at bottom, thus making 
each nest complete in itself. Valves 
are provided to isolate each » nest, and 
these in turn are connected by headers, 
the number of nests being in accordance 
with the size of the machine. A slotted 
pipe is provided at the top of each nest 
to distribute the water, which in this 
type of condenser is generally circulated 
over and over again, being cooled by 
evaporation into the atmosphere. This 
type of condenser is useful where water is scarce, only a sifiall 
quantity being required to make up the losses due to evaporation, 
wastage, &c. 

In Fig. 97 is illustrated an atmospheric or open-air condenser made 
by the Triumph Ice Machine Co., Cincinnati. This condenser is 
arranged in sections, and is so constructed as to permit of the ready 
removal of any pipe or fitting, without the necessity for shutting down 
the plant or losing any of the agent. The apparatus has double, exjbra 
heavy, wrought iron pipe headers. 



Fig. 94. — Arraiigeni,eiit for 
Roinoviiig Licjuetiod Agent from 
Atmospheric Condenser. 
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The atmospheric condensers designed and manufactured by the 
Fred. W. Wolf Co., of Chicago, has pipes made from selected skelp, 
with drop-forged Bessemer steel flanges screwed on to same whilst hot, 
thus admitting of its shrinking in place when cool. Galvanised iron 
troughs, fitted with a patent levelling device, are provided for distri- 
buting the cooling water, and perforated steel strips are secured 
between the pipes. An inlet and an outlet valve are fitted to each 
section, so that anyone of them can be emptied without interfering 
with the operation of the others. 



Fig. 95.™ Haslam Atmosphoric or Open-air Evaporative Surface Condenser. 

In Pig. 98 is illustrated an atmospheric or open-air evaporative 
surface condenser, built on Rau^s system, with either copper or iron 
pipes, by Quiii k Co., Schiltigheim, Alsace. The construction of this 
condenser will be readily understood fiom the engraving. 

Evap<>ra,tiv(^ coiidensers are also cooled by artificial currents of air, 
propelled by a fan or blower, in which case a very powerful evaporation 
is established. Whether or not an arrangement of this description 
would prove to be an economical one, depends upon the temperature 
and cost of the cooling water procurable relatively to the cost of 
driving the fan. • 


II 




Fig, 96 — Haslam Interlaced Type of Ammonia Condenser. 
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98.— Rau’H Atmospheric or Open-air Evaporative Surface Condenser 


REFRIGERATION AND COLD STORAGE. 

The amount of condensing surface for an open-air condenser ^ 
according to Professor Siebel, 40 sq. ft. per ton of refrigerating 
capacity (or for one-half ton ice-making capacity), 'which amount is 
equivalent to 64 running feet of 2-in. pipe or to 90 running feet of 
1^-in. pipe. 

The amount of cooling water required for an open-air or atmos- 
pheric condenser is upward of 50 per cent, less than that required for 
a submerged condenser, and if made of sufficient height, the same 
water may be used repeatedly in an open-air <;ondensor. 

The following table, compiled by Mr Eugene T. Skinkle, gives the 
dimensions of open-air or atmOvspheric condenscu's of some plants in 
actual operation in the United States 


Dimensions of Opkn-aih or Atmospheric Condensers. 
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263*42 
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• Supplementary Condensers or Forecoolers. 

An arrangement intended to create a saving of power and of 
cooling water is a supplementary condenser or forecodler consisting 
of one or more coils of pipe through which the hot compressed gas is 
caused to pass before entering the main condenser. Tliis supple- 
-mentary condenser is cooled by, the overflow water from the main 
condenser. When the supplementary condenser consists of one coil 
only it should be equal in size to the discharge pipe from the cgpi- 
pressor. Should a series or number of toils be provided, however, 
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manifold pipe and the aggregate area of the small pipe openings 
should be equal to that of the discharge pipe. 


Wbsterlin-Campbell and Haslam Double-Pipe Condensers. 

The Westerlin-Campbell condenser, which is shown in side and end 
elevation in Figs. 99 and 100, consists of a coil made up with one pipe 
inside another, the water being on the inside of the internal pipe, ahd 
the hot compressed gas in the annular space or clearance between the 
pipes. This type of condenser is an attempt to secure the best features 
of both the submerged and atmospheric types in one apparatus, and is 
specially suitable wherever the water is to be used over again for some 
other purpose, and where the open-air type cannot be used by reason of 
structural difficulties. The hot gas is arranged to travel in a downward 
direction, and the cooling water in an upward direction, so effecting 
an interchange of temperature bha*^ results in the warmer water meeting 
the current of the warmest gas. The condenser is constructed in a 
nest, comprising several sections or stands, so that any one section 
can alwfiys be cut f>ut for repairs, without having for that reason to 
shut down the plant, and such a cross connection of the water con- 
nections is provided that the water current can be reversed when it is 
desired to wash out the internal pipe. 

Fig. 101 illustrates the Haslam type of double-pipe ammonia con- 
denser. The pipes containing the ammonia gas to be conden.sed are 
2-in. bore, built up in the same manner as the other Haslam condensers, 
and tlirough the centre of each a 1| in. bore pipe passes. These are 
connected at the ends by U-shaped bends removable for cleaning 
purposes, and through this inner pipe the cooling water passes, being 
thus brought into intimate contact with the ammonia. 

An advantage of this type of condenser is that the water may be 
maintained under pressure, and raised to a height to be used for other 
purposes afterwards without further pumping. No tray is required 
under condensers of this type. 

An objection to this type of condenser would appear to be the 
liability of the deposit of scale in the pipes from certain classes of 
water. 


Hendrick’s Condenser. 

This type of i;ondenser differs from those previously described. It 
consists essentially of a vertical cast-iron shell, containing two or more 
spiral coils of IJ-in. pip^ of extra thick gauge, the tail ends of 
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Fig. 101. — Haslam Double-Pipe Ammonia Condenser. 
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which project through the heads or covers of the shell and are con- 
nected together by suitable manifolds. 

Tlie hot ({ompressed gas is delivered into the ui>j)er part of this 
shell, and the condensing water is circulated through the spiral coil or 
coils of pipe located therein. The hot compressed gas is liquefied by 
reason of the pressure and by coming into contact with the coil or coils, 
and the liquid will collect at the bottom of the shell, which thus forms 
also a storage tank or receiver for the anhydrous li(iuid, from which it 
can be discharged into the evaporator or refrigerato**. The shell is 
fitted with a hn'el and gauge to indicate the amount of liquid therein. 


W ATEU-COOLINO APPARATUS. 

Tn larg(^ towns and cities where the water from the water com- 
panies’ mains has to be used, and paid heavily for, it is often doubtful 
economy to attempt to reduce the temperature of the condensed gas 
, below a certain point, say 60' Fahr. during the winter months, and 
^0" Fahr. during the summer months. It is obvious that when a high 
price has to be paid for the water employed for cooling and other 
purposes, every effort possible should be made to utilise it to the fullest 
extent, and, with this end in view, it is desirable to use the overflow 
water from the condenser for boiler-feeding purposes, or to employ some 
means, such as a cooling tower, for saving that which would be other- 
wise run to waste and be completely lost. 

Fig. 102 shows the llaslam type of open water cooler, which is 
a simple and at the same time efticient apparatus. It consists of one 
or more nests of lap welded wrought-iron pipe, fitted with malleable 
iron return bends and flanges. Tlmmgh these pipes the liquefiexi 
ammonia is evaporated, and the water to be cooled is distributed in a 
thin film over the cdi)ler by means of a slotted pipe placed over same. 
As the water falls it is cooled to any desired temperature. 

PupEtt’s water saving and cooling apparatus is illustrated in Fig. 
103. It is claimed that the use of this contrivance enables the .con- 
densing water to be used over and over again with comparatively little 
loss, the waste indeed being practically confined to the quantity taken 
up by evaporation, which loss is, of course, more considerable in hot 
weather, and the consumption of condensing and circulating water 
is thus minimised as much as possible. It is stated to have been 
cl^rly demonstrated that in regular working for a consideiable period, 
with a temperature in the sun of 93” Fahr., the entire loss experience 
did not exceed 3 per cent, of the total quantity of water circulated. 
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The coat of the upkeep of the apparatus, moreover, is trivial, being 
one farthing per thousand gallons cooled, and the power required under 
ordinary conditions is 1 H.P. indicated for the same amount. 



The scope ot this work does not admit of entering into an extended 
dissertation upon what are known ^ cooling towers, consequently space 
can only be fotind for a few general remarks and very brief descriptions 
of some examples of water-cooling towers, with which this chapter will 
be brought to a concluaio*. 


Fig. 102.— Haslam Open Type of Water Cooler. 
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First, as regards th(i general efficiency of any apparatus of the 
kind under consideration, this will be found to depend upon the 
following three principal points, viz. : — '^ITe extent of the water surfaces 
exposed. Tlie quantity of air tliat is brought into contact with those 
surfaces. And, thirdly, upon the difference of pressure which exists 
on the vapours at the water surfaces, and in the surrounding atmosphere. 
The first two will be secui to relate to the construction of the appai-atiis, 
the third to the general or normal atmosphciric conditions. 

From the above it will be gathered that the chit^f featui’es to be 
looked for in a wat(‘r-coo]ing apparatus are the provision of the 
maximum amount of cooling surface, the most even distribution of the 

water ovei* this cooling sur- 
face possible, and an effective 
air cdrculation. Cooling 
towers are extensively em- 
ployed in the United States 
in connection with refrigei*at- 
ing plants, and the following 
very brief descriptions of a 
few of the best kmvwn will 
give an id(?a of their con- 
struction. 

The Worthington consists 
of a steel tower enclosing the 
evaporating surfac^es, which 
latter are formed of hard 
glazed tiles, supported upon 
"f -b(‘am grating, or of re- 
galvanised tube tiling. 

The Klein is constructed 
entirely of wood, a polygonal vertical shaft forming the frame for a 
checker-Woj'k of boards, which are arranged in horizontal layers. 

The Stocker, which consists essentially of a strong wooden casing, 
the interior of which is made up of cross-pieces of boards arranged in 
horizontal layers set at right angles to each other, and having between 
their intersections upright oblique partitions. The water is distributed 
by a system of funnel-shaped troughs at the top of the stnicture. 

, The Barnard has a steel casing -within which are hung a number of 
mats made of a special galvanised wire cloth. 

Jn all these cooling towers except the Stocker one fan onlj is 
employed, the latter has two fans mounted upefn one steel shaft at the 



Kig. -Piiplett’s Water Saving and 
Cooling Apparatus. 
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base of the apparatus, which arrangeincrit is claimed to ('liable? a mc>re 
equal distribution of the air to bo effected, and a saving of driving 
power, as compared with the amount of air discharged. 

The Zschocke cooling tower is also said to affoi’d first-rate results, 
and to be most economical in working. This apparatus consists essen- 
tially of a main distributing water-trough located above the cooler, into 
which the water to be dealt with is d(?livored direct, or, where it con- 
sists of injection water carrying a considerable amount of oil, after 
passing it through an oil filter. In the walls of this main distributing 
trough, and near its bottom, are fitted a number of small iron pipes, 
through which the water will 
pass into a series of smaller dis- 
tributing troughs, the walls of 
wliich are serratcid both top and 
bottom, so as to cause the water 
to be distributed in drops over 
the top layer of the wooden 
battens composing th6 body of 
the cooler. These battens are 
evenly sjj^aced, and are placed at 
a slight inclination, so that each 
drop of water will be caught and 
broken on the rough surface?, and 
will spread itself out into a thin 
film, which will flow down (?ach 
of the batteins, and again form 
itself into drops on the lower 
edge of it, owing to its being 
also serrated, and will fall on to 104.— Triunipli VVaiur-iJooliug 

the next batten in the layer Tower. Elevation, 

below, and so on, until the 

bottom or lowermost layer is reacflied. The air has free access to every 
batten, and consequently as the water parts with a portion of its heat 
at each, itrwill fall into the receiving tank beneath in a suitably, 
cooled condition. The open type of cooling tower is provided at the 
sides with louvres, which serve to prevent the water from being blown 
away in the case of strong winds, whilst at the same time admitting air 
to every part. 

The Triumph Ice Machine Co.’s water-cooling tower is shown 
in Fig. 104. This apparatus works on the principle of exposing the 
water to be cooled in a <thin sheet to the cooling effect of the atmo- 
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sphere, the result being said to be increased in the above tower by 
imparting to it a rotary motion against the air current. This rotary 



Fig. 105 .— -Haalam Water-Oooling Tower. 


motion is given by a small water-wheel in the manner plainly shown 
in iihe illustration. ^ ' 

A cooling device made by the Linde Company for use in connection 
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with submerged condensers consists of the following arrangements : — 
The condenser pipes are placed in an iron tank, the cooling water ’ 
being kept in motion by a stirrer. At the top of the tank is provided 
a number of sheet-iron cylinders, so arranged that they are immersed in 
the water below to the extent of about one-third of their diameter. 
These C 3 dinders are caused to rotate slowly upon their axis, and their 
water-covered surfaces are subjected to the action of a current of air 
generated by a fan, the consequent evaporation producing the cooling 
effect. This apparatus is identical in principle to the Wetzel pan for 
concentrating the syrup or liquor in the manufacture of sugar. 

Fig. 105 illustrates the Haslam water-cooling tower, which consists 
of a wrought-iron casing containing galvanised corrugated wrought-iron 
plates. The overflow water from the condensers enters the cooler at 
the top and falling over the plates, comes in contact with a current of • 
air induced by the fan shown in {he drawing. The cooled water falls 
into a tank under the cooler, and is again raised to the distributing 
tank over the condensers by a centrifugal pump. 



CHAPTER JX 


THE ARSOIHTION AND RINARY ABSORPTION 
PRO(^ESS OR SYSTEM 

The Principle nf the Ahsnrptiun J’roceHs —Early Machines— Later Patterns nf 
Machines -The Binary Absorption Process, or Machines using a Compound 
or Dual Liipud, 

The principle involved in the operation of machines for the abstraction 
of heat by the tn aporation of a separate rcifrigerating agent of a volatile 
nature under the direct action of heat, and without tlui use of power, 
which agent again enters into solution with a liquid, is, as has been 
previously obsei’ved of the liquefaction process, more a chemical or 
physical action than a nunhanical one. It is founded upon thg fact of 
the great capacity possessed by water for absorbing a numbe^r of 
vapours having low boiling points, and of their being readily separable 
therefrom again, by heating the combined liquid ; htmee it is commonly 
known as the absoi'ption process. 

The absorption process was invented by Ferdinand Carre (brother 
to Edmond Carre, whose sulphuric acid freezing apparatus has been 
previously mentioned) about the year 1850. This system involves the 
continuous distillation of amrnoniacal liquor, and requires the use of 
three distinct sets of appliances, viz. : — 

First, for distilling, condensing, and liquefying the ammonia. 
Second, for producing cold, by means of a refrigerator, and absorber, 
a condenser, a concentrator, and a rectiliei-. Third, pumps for forcing 
the licfUor from the condenser into the generator for redistillation. 
The three operations are each distinct from the other, but when the 
apparatus is in actual work they must be continuous, and are dependent 
upon one another, forming separate stages of a closed cycle. 

An advantage of the absorption process is that the bulk of the 
heat required for performing the ^York is applied direct without being 
transformed into mechanical power. The first machines, however, 
constructed upon this principle were very imperfect in operation, by 
reason of the impossibility of securing an anhydrous product ot* dis- 
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tillation, and as the ammonia distilled over contained as much as 
25 per cent of water, a very largo expenditure of heat was required 
for evaporation,, and the working of the apparatus, moreover, was 
rendered intermittent. This was owing to the distillation, which is 
the most ijnportant operation, ami has c)f ne^cessity to be executed in 
a rapid inanner, being, in the first machines, very imperfectly effected, 
and the liquor resulting therefrom being naturally much diluted with 
wat(‘r. Another serious result of the above', def(H;t was the accumula- 
tion of weak liquor in the refrigerator, and the' constiquent necessity 
for constant additions of ammonia. 

By subsequent improvements, howevei-, made by llees lleece 
in 1867-70; Mort in 1870, who introduced an improved temperature 
exchanger or economiser; H. F. Stanley, 1875; F. Carrii (the original 
inventor), in 1876; W. H. Beck, in 1886; Mackay and Christiansen, «> 
and E. H. Tomkins, in 1887; nnd later still in the same year by 
E. L. Pontifex, the distillate has been ixuidered nearly anhydrous, 
ami absorption machines hav been brought to a very considerable 
degree of (efficiency. 

in Fig. 106 is illustrated ¥. Carr(i’s continuous-acting absorption 
machine. As above mei.tioned, the agent employed in this apparatus 
is ammonia. In the drawing A indicates the generator, n is the 
liqueffi'r, c is the la'frigeratoi*, D is the absorber. Aqua ammonia is 
introduced into the generator A, the levt'l of the liquid being indicated 
by a gauge glass, which is shown on th(‘, left-hand side of the generator, 
and which is practically similar to that used on steam boilers, and the 
evaporation is effected by heat from the furnace shown beneath. The 
gas from the generator a is conducted by a suitable pipe e to the lique- 
fier n, wherein it passes through .4, congeries or series of coils or zigzags 
arranged in a bath of cold water, which is kept constantly renewed 
from the reservoir p. I^y tlie tim(*, the ammonia has reached a vessel 
situated at the termination of the coils or zigzags in the liquefier it is 
in a liquid condititm, and under a pressure of about 150 lbs. per square 
inch, which pressure is constantly maintained in the generator A. 

In the liquid .state the ammonia flows through the pipe G to the 
regulator ii, by which it is admitted to the distributor i through a pipe 
K, which latter is wound spirally round the pipe or tube l, which is of 
larger lire, and through which the vaporised or gasified ammonia 
returns from the refrigerator c after having performed its heat-absorb- 
ing duties therein. By this arrangement the returning vapour or gas 
is made to do some further work by absorbing or taking up heat from 
the liquid ammonia on itsiway to the refrigeiator. 
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The refrigerator represented in the drawing consists of a set or 
series of six or other suitable number of spiral or zigzag tubes c^, c^, 
which return upon themselves, forming an equal nun\ber of partitions 



in the tank wherein they are immersed, which latter is lagged with 
suitable non-conducting material. Each of these zigzags receives An 
equal supply of the liquid ammonia from fhe distributor i, and itie 
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space in the insulattjd tank surrounding them is fiilcul with some 
uncongealable liquid, or om^ tliat will (umgeal only at very low tem- 
peratures, such as alcohol, or a solution of chloride of calcium or of 
common salt, which is usually known as briiK*. 

The ice cans or cases are immersed in ihe liquor between the zig- 
zags, and ar(' sustaimnl upon a, cai-riage cajiable of being moved by the 
same mi'cbanism that works the pum]> w, liy which the re-saturated 
solution of ammonia and water is returnt‘d t,o the generator. 

The ammonia gas or vapour from the zigzags in the refrigerator 
c is collected in the cylindrical vesst'l n, fr<un which it passes up through 
the tube- L to the absorbm* i), where it meets the water that has been 
brought from the bottom of the gmunvitoi* A, and which partially fills 
the latter. This water bi'ing nearly free from ammonia, it having been 
exhausted therefrom by evaporation in the generator a, greedily absorbs 
or takes up the ammonia, gas or vap 'ur injected into it from the tube l. 

The absorber D is litted w iUi a worm which receives cooling 

wat(‘r from llu; supply tank and the watm- from tiie generator a, 
which is brought by tlu' pip<‘ 0, is first passed through the coolers p, 
befoii delivery into the absorbei* i), and is tluTcby cooled so as to fit 
it to absorb tlu' ammonia gas or v.ipour in the absorber d more freely. 

The transfereiu!(‘ of the water from the bottom of the generator A 
to tlu‘ absorber i) is (‘ffi'cted by the pressure in the former, whenever 
the stop-cHx;k or valve o^ in the pipe o is ojiened. The pipe 0 is 
carried in a double coil througli the cooler J', which consists of two 
concentric cylinders, and in a, single coil through the cooler p\ dis- 
charging through a sieve, strainer, or perforated tray, in a fine shower 
into th(^ absorber n. Tht; strong ammoniacal solution from the 
absorber d, which is considm-ably leduced in temperature, is passed 
through the spaces round th(^ coils of jiipe o in the cooler p, and 
whilst leduciiig tlio tiunperaturr^ of the. hot exhausted solution or 
water from the bottom of the generator a on its way to the absorber d, 
is itself raised sevm'al degrees before being returned to the generator, 
to the mutual advantage of both. The coil of pipe 0, in the second 
cooler p^, is water cooled from the supply tank f. 

The saturated solution from the absorber d is drawn off by the , 
force pun;ip ai ( ./hich is driven by a steam engine or other motor), 
through the pipe r, and is delivered thereby to the space round the 
coil in the cooler p, passing from the cooler, through the pipe T, to 
the dome on the upper part of the generator a, where it falls upon, and 
trickles downward through, a series of perforated strainers or trays, 
whilst the ascending amnfoniacal gas or vapour, on the other hand,. 


12 
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takes a sinuous u{)ward course, alternately passing round the edge of 
one of the trays, and through a central hole or aperture provided in 
the next, and so on to the gas or vapour pipe E ; any aque-ous vapour, 
which might otherwise be carried off with the ammoniacal gas or vapour, 
being thus condensed and i*eturned to the generator. 

'idle constant pressure maintained in the generator a is, as alre^idy 
mentioned, about 150 lbs. per square inch, and to prevent this pressure 
from being exceeded a safety valve is provided on the dome of the 
generator. And gas that esirapes through this safety valve is led 
through a suitable pipe to a small water tank, where it is absorbed. 

As will be seen from the above description, the operation is, 
shortly, as follows - 

The a(|ua ammonia is first introduced into the generator a, the gas 
or vapour expelled therefrom by heat into the condenser n ; and so 
that the jirocess may be carried out continuously and nut be arrested 
by the exhaustion of the solution, the exhausted or impoverished liquor 
is slowly drawn off at the bottom of the generator, an equal volume of 
fresh strong solution being constantly inserted at the top thereof. The 
united effects of the cooling and pressure produce liquefaction of the 
ammoniacal gas or vapour in the condenser, and the liquid ammonia 
passes to the refrigerator. It will be seen that the ammoniacal gas 
or vapour from the tubes of the refrigerator is re-absorbed, and a 
rich solution is formed to feed the generator, the absorbing water used 
being that withdrawn exhausted from the latter. Thus the generator 
and the condenser will keep up a continuous supply of the liquid, and 
the refrigerator will continue to freeze successive charges of water in 
the ice cans or cases, provided, however, that the requisite heat to 
vaporise or gasify the ammonia is supplied to the generator. If, there- 
fore, the entire apparatus be perfectly fluid-tight, as it is theoretically 
supposed t(^ be, no escape could take place by leakage or otherwise, 
and the same materials would go on indefinitely producing the same 
uniforio effect. 

In starting a machine constructed on the absorption principle it 
must be first blown through to expel all the air. In Carre’s apparatus 
the air escaping from the absorber is conducted by a suitable pipe into 
what is known as a purger, where it is passed below the surface of 
water to absorb or retain any ammonia that would otherwise escape 
with the air. 

A large amount of water is required for cooling purposes in the 
condenser or liquefier, and absorber, and a considerable conmimption 
of fuel is also necessary to heat the generator, when this is performed 
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directly by meiins of a furnace, as above described ; wbeii, however, 
this is effected b)^ steanj-heattid pipes, as in Stanley's 1875 patent, or, 
as will be described later on, by coils of pipe heiited by the exhaust 
steam from an engine, or even by direct or live steam from a boiler, 
there is a considerable saving on this head. Steam or other motive 
power is likewise required for driving the force pump. 

It is claimed by Mr Carre that for each pound of coal consumed 
as fuel, from 8 to 12 lbs. of ice can bo produced, in accordance with 
the size of the apparatus. For working the larger form of machine, 
capable of making 500 lbs. of ice per hour, two men are required ^ the 
force pump is capable of forcing 220 gals, of liquid per hour into 
the generator, and during the same time 100 lbs. of pure ammonia is 
lilxirated from solution, liquefied, evaporated, and re-dissolved or re- 
absorbed. 

llees Reece’s chief impr(>Yement is founded on the fact that two 
vapours having different boiling points, when united, can be recovered 
by fractional condensation, and by means of his apparatus a prac- 
tically anhydrous distillate can be obtained. 

The special feature in the invention described in his 1867 patent 
is the u)'‘thod of obtaining nearly anhydrous liquid ammonia by means 
of an analyser, a rectifier, and a condenser, the peculiar construction 
and arrangement of whi<*h enables a continuous distillation and rectifi- 
cation of a dilute solution of ammonia to be effected upon the separa- 
tive principle. The ammoniacal gas is reduced by its own pressure 
to a liquid condition in the condenser, from which it passes into the 
refrigerator a very low temperature, quickly abstracting the heat 
from any fluid passed through the hitter. 

A boiler is connected with an analyser consisting of a series of 
plates arranged in the usual manner within a strong iron vessel. The 
analyser ts connected with a rectifier, which is provided with a series 
of vertically arranged tubes surrounded by cold water, through which 
tubes the ammoniacal fluid passes to the condenser; or in an alter- 
native arrangement the rectifier is provided with a series of vessels 
placed one dbove the other with a space between them, the vessels 
being so connected that a passage is formed from end to end thereof 
for a continuums stream of cold water. The condenser is either fitted 
with tubes and is practically similar in construction to the first arrange- 
ment of rectifier above mentioned, o^ it consists simply of a cylindrical 
or other suitably shaped iron vessel, of sufficient strength to resist the 
internal pressure of the gas, and immersed in cold water. From this 
condenser the condensed aiilmonia passes to a refrigerator, which may 
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be of any convenient form and constru(dion. The liquid cooled in 
the refrigcu’ator parts with the gnuiter portion of its heat to the 
condensed ammonia, which is again vaporised, and in this form pa.s.seH 
into an ahsoi-bing v(;sse] whicli is kept cool by water, and which serves 
to maintain the required \acuum in the refrigerator. The ammoiiiacal 
solution passes from the absorber into a heating vessel, front which it 
is returned into the analyser, 'rhe; latbtr may, however, on occasions 
l)e dispensed with, and the boiler connected directly with the rectifier. 

In his 1870 invention furtlu'r iitq^rovenumts are introduced, and 
the (mtire apjtaratus comprises a gtmerator, an analyser, a }’(ictifi(u*, a 
liquefactor, a receivtu*, a refrigerator, an altsorber, and a heatei’, an 
engine placed between the refrig(‘.rator and the absorber being some- 
times, niorpo\er, (employed. 

The first five of tlutse vttssels form what may be called the distilhuy 
part of tlie aj)pai*atus, and the main object of th(;se improv(;ments is 
likewise to ensure tlie more peiiect tdiminatiem of liquid ammonia in 
an anhydrous condition, or practically so, from its aqueous solution, and 
in one continuous uninterru})ted operation. 

The analyser consists of a vessel fitted with a series of })erforated 
cups or dishes, a dividing plate, an overflow i)i}>e, atid a (lea(J })late or 
baffle to i)rev(‘nt the dii-ect passage of the steam through the (ylinder. 
The absorlxu’ conq.)ris(‘s a seri(‘>s of pipes arranged togetlun* within a 
tank or cistern. 

The ammoniacal gas eliminated from its .s(>lution in water by the 
action of the generator, analy.ser, and rectifier, passes onwards to the 
liquefactor or liqviefii'r, wherein by its own pressure it is reduced to 
a liquid, and is collected in the receiv('r ; th(' liquid ammonia so 
obtained being practically anhydrems. This anhydrous ammonia is 
then passed into the refrigerator, in which is placed a coil of pipe, any 
liquid passing through which will be cooled by the evaporation of 
the liquid ammonia surrounding it. 

Tile refrigerator is connected through a stoj)-cock or valve to 
another coil contained or enclo.sed in an in)n pipe, which coil extends 
to the ab.sorber vessel, the latter being connected to the coil of piping 
contained in the refrigerator. The object of this second vessel and 
coil is to effect an interchange of temperature with the gas. 

During its further onward passage to the absorber the ammoniacal 
gas comes in contact with the spent or exhaust liquor of the distilling 
apparatus in which it dissolves, yielding back the original quantity 
of the ammonia solution, to be used over again' repeatedly vathout 
any appreciable loss or waste. This solutiol'i of ammonia is forced by 
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a pump into tlie top of the analyser, wherein the ammonia is separated 
from the water, and passes to the condens(‘r to be liquefied, whilst, on 
tli(^ other hand, the exhausted licjuor goes to the generator, and from 
tlienco into the temperature exehanger oi- heater, and on to the absorber. 

Th(‘ tension or elastic force possesserl by the! gas as it passes from 
tht‘ refrigerator to the absorber, especially wlien ompIoytHl for cooling 
water, admits of its being utilisefl for (having the pumps of the 
apparatus, or for other purposes. 

The operation of Reece's improvcMl apparatus is brieHy as follows : — 

The charge of liquid ammonia (the ordinary commercial quality of 
a density of 26"' Th'aiime) is vaporis(^d by the ap])lication of heat, and 
the mixed vapour of water and ammonia pass(Ml to the vessels called 
the analysiu- and the rectifuu*, whei’oin th(‘ bulk of the water is con- 
densed at a comparativ('ly elevat(‘d temperature, and is returned to the 
generator. The ammoniacal va})our or gas is then passed to the con- 
denser, where it is treated i)i a substantially similar manner to that 
in Carre’s apparatus, that is to .say, it is caused to liqu(‘fy under the 
combined action of the condensation (effected by tlui cooling water 
circulating round the condenser tubes, and of tlie pressure maintained 
in tlu^generator. The liquid ammonia (in this case practically anhy- 
drous) is then used in the refrigerator, and the vapour therefrom, 
whilst still under (considerable temsion, is admitted from the refrigerator 
to a cylinder fittc'd with a slide valve, and entry and exhaust ports, 
pra,cti(cally similar to those of a high-pimsure steam (engine, and is 
thus utilised to drive the fence pump for returning the strong solution 
to th(‘ generator, after whi(ch it is passed into the absorber, where it 
meets, and is taken up by, th(‘ weak liquor from the generator, and 
the strong liquor so formed is forced liack iiiuo the genei'ator by means 
of a force, pump as before dt'seribed. 

Th. temperature exchanger or economiser introduced by Mort in 
1870 provides for the hot liquor on its way from the generator to the 
absorber giving up its heat to the cooler liquid from the absorber on 
its way to the generator, thereby saving the abstraction of so much 
heat from "the generator, and admitting of the liquid in the absorber 
being kept at a lower temperature, which is of great importance to the 
economical working of the apparatus. 

The invention which Harry Frank Stanhey patented in 1875 com- 
prises several important imj'rovoqients upon the foregoing, the chief 
of which are as follows : — • 

Jn place of applying fire heat to the generator, as had been hitherto 
customary, a coil of stdkra pipes is employed for evaporating the 
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ainmoniacal vapour. The advantages derived from this are that the 
pressure and temperature in the generator can be much more easily 
regulated, and, moreover, the ammonia separates froni the water better 
at a low heat, and an even temperature is found to be most essential 
to the efficient working of the apparatus. The steam-heated evaporating 
pipes consist of a number of straight pipes connected together by 
bends, giving a very large heating surface, and when the exhaust 
steam from the engine is employed therein for heating purposes, a very 
great saving of fuel is effected. 

The analyser is placed upon the generator so as to economise space 
and save the connections otherwise necessary. This analyser is formed 
preferably cylindrical, and is fitted with a series of dishes or trays 
having passages so arranged that the vapour impinges on the under 
sides thereof, and traverses the vessel without passing through the 
liquid. Each of the dishes or trays is provided with an overflow pipe 
which is raised above the level of the bottom of the tray, so as to 
keep some liquid in the dish, but always below the top of the 
vapour outlet. As the ammonia vapour is driven off from the solution 
of ammonia and water, by the heat of the vapour rising from the tray 
below, it passes through the vapour outlets into the rectifier without 
going through the liquor on the tray or trays above. 

By this means a considerable saving of fuel is effected, as the 
ammonia when once separated from the water on each tray or platci 
is at once delivered to the rectifier. Otherwise, were this not so, water 
has such a strong affinity for ammonia, that the vapour which had 
been separated from the liquor on one plate would quickly become 
absorbed again by the liquor it had to pass through on the next 
plate. 

The rectifier is' placed on the condenser, the two forming in fact 
one vessel, and the same condensing water does duty for both, the 
latter passing in at the bottom of the condenser where the coldest 
water*is wanted, and up the outside of the coil into the rectifier, from 
which it passes to the absorber. The ammoniacal gas or vapour passes 
from the analyser into the top of the coil in the rectifier, which coil 
is fitted at intervals with pockets to carry off the water resulting from 
the condensation of the ^vapour coming from the analyser, so that 
immediately any such condensation occurs the liquor passes at once 
but of the coil, and the ammoniacal vapour does not come in contact 
#ith the water after being separated from it. By providing these 
pockets with cocks or valves suitable adjustments of the , apparatus 
can be effected. 
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The ammonia gan thus passes to the condenser in a practically 
anhydrous condition, wliieh is absolutely essential to the economical 
working of the apparatus, and which would not otherwise bo the case, 
as if the gas conies into contact with tlu' water resulting from its 
condensation it would reabsorb a portion of it. 

The condtmser coil is contained in a cast or wrought iron cylinder, 
and to simplify the apparatus and to save space, the condenser is 
placed upon the receiver, the latter being a plain wrought or cast iron 
vessel serving, as before, to store the anhydrous ammonia before it 
goes into the cooler or refrigerator ; it is fitted with a glass gauge, or 
a float gauge, to indicate the level of the liquid thm'ein. When the 
latter is employed, I’evolviiig spindles or rods working vertically through 
stuffing boxes in th(‘- usual way are preferably used, as tending to 
minimise friction and prevent leakage. 

Tlu^ refiigerator or co<‘l('r is substantially similar to that employed 
in the former arrangements, hut is fitted with a .self-closing gauge in 
cas(‘ of breakage. 

The absorber is constructed of smaller pipes or tubes, so as to 
enable a greater nund er h) Ixi used than heretofore, and thus for a 
given content to secure a very much larger surfa(;e exposed to the 
action of tlie cold water which surrounds the tubes ; the latter are 
prehu'ably constructed of wrought iron. 

ArmUu'i' saving of condensing water is efiech'd by having a few 
of the top pipes above the upp(T extremity of the water cistern, and 
letting the warm water coming from the rectifier drip over the out- 
side of the pipes. The heat due to the ammoniacal gas being absorbed 
by the weak liquor, which is gi v cn off from the inside, is sufficient to 
vaporise a portion of the water, and a large quantity of heat becomes 
latent in the viqtour, producing a refrigerating efibet. 

The pump employed for drawing the strong solution of ammonia 
produced in the absorber, and forcing it through the coil of pipe in 
the heater into the analyser, against the pressure, is so constructed that 
there anv the very least possible clearances, and that the whole, or 
pi’actically the whole contents, are discharged at each stroke, thus 
preventing (‘xpansion of gas on the return stroke, tending to keep the 
suction valves closed. The pump cocks, valves, and gauges are pro- 
vided with water containers, so that sliould any leakage of ammonia 
through the stuffing box occur, the water will absorb it, the latter 
being returned into the apparatus when it becomes thoroughly saturated. 
The stuffing box cock is constructed with a guard, and with an adjust- 
able clamp screw, which fiolds the key to its seat, prevemting leakage 
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from compression of the packinf^, and admitting* of the stuffing box 
being repacked whilst the aj)paratuK is at work. 

To allow for- the gradual weak('ning of tlu; solutrion of ammonia, 
a small vess('l or still is provid(‘d in connection with th(‘ generator, 
wherein the weak solution from the lattt'.r is e\aporated off at a low 
temperature into the apparatus, wher(‘ the least pr(‘ssure exists. 

In the invention patented by William Henry Beck, in 188 G, 
some still further improvcunents in vai'lous details of consti’uction are 
described, notably in the arrangeiniuit of the analyser and rectifier, 
and the absorber. 

In the first-mentioiK'd vessel a seri«‘s of sheet iron oi’ steel trays, 
with or without perforations, the edg(*s whereof are drifted or set 
up so as to form short adjutages, ai-(‘ provid('d. R'lch iilt(‘rnate one 
of these trays has a central opening, and each intermediate tray an 
annular S})ace l(‘ft betwecm its cir(mmf(‘renc(‘ and the encdosing case 
or cylinder. An inner sheet imdal casing is, moreover, provided in 
which the water-separating ti’ays are secur(‘d, and which, together with 
such trays, can be easily rernovasl and i‘e})laced in position ; and thc^ 
mouth of th(' vapour outlet pipe is sometimes surrounded by a finely 
perforated wire gau/e chamber or guard. , 

The absorber is formed with a primary absorbing \'(‘ssel, wherein 
the absor])tion of the ammonia gas is (‘ffected to an extent deptuident 
upon the temperature of the ordinary c<>oling or condensing water, 
combined with a secondary absorbing vess(d whenun a further absorp- 
tion of the ammonia gas is effected by the cooling action of a current 
of cold brine, or of water, cook'd to a teinpcu-ature below that of the 
ordinary cooling or condensing water used in the primary absorber. 

Ihe w(mk liquor cooler, the liquid ammonia I'eceiver, the condenser, 
aud the rectifier ftre contained in a singh' open-topped tank provided 
with divisions or partitions so arranged as to ensuix' the passage of 
the cooling or condensing water successively through each of the 
compartments. 

Frederick Noel Mackay and Adolph Gothard Christiansen obtained 
a patent for improvements in ammonia absorption machines in 1887 , the 
main features of which that are claimed as novel being as follows, viz. ; — 

The separation of the ammoniacal gas from the liquor in which it is 
absorbed, by boiling the liquor ii) stages within the same lx)iler. 

An analyser consisting of a chambcir containing superimposed 
spirally corrugated plates having perforations or openings. 

The combination within one chamber of an ammoniacal' liquor 
boiler and analyser. 
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A rectifior consisting of such an arrangoment of a coil or coils that 
the gas will take an upward direction, and the liquul a downward 
direction. 

A condenser wherein the coils are so connected that the gaseous 
annnonia passes from coil to coil in an upward direction, whilst the 
liquid ammonia flows in a downward din'ction. 

A multiple coil condenser so construct(*d that it has hut one single 
through way. 

A r(‘ctifier and condenser consisting of chambers containing coils, 
all the joints whereof are situated (m the exterior. 

An auxiliary cooler composed of a cliamher fitted with a coil and 
i*egulator, and suitable connections. 

A vaporism* and refi*igerator wherein the brine flows through a 
chamber, whilst the liquid ammonia expands througli small perfora- 
tions or apertures into tubt‘s contained in this chambc'i*. 

An ahso?‘ber construcbsl with a concentric corrugat(‘d chamber. 

Ammonia pumps provided with a chamber through which ammonia 
litpior from th(' absorluu' passes. 

An arrangement whereby ammoniacal liquor from the absorber is 
caused to cool ammoniacal liquor from the boiler. 

In Edward Henry Tompkins’ patent, which was granted in the 
latter ]>art of 1887, for improvements in refrigeraiing apparatus of 
the kind or class for which previous letters patent were granted to 
llees Reece and William Henry Reck, the chi(‘f novel points claimed 
are : — 

The placing of the generator within the boiler so as to secure the 
full efliciency of the heat given off by the steam generated therein. 

The combination and connection with tiie main gas pipe from the 
generator of a vessel doing the triple duty of heater, rectifiei, and 
analyser j which vessel ctmsists of an iron tank with an arrangement 
of tubes, and a sealed joint or joints at the base through which the 
gas rises. 

An imjproved form of condenser, consisting of an ordinary condenser 
of the multitubular pattern, wherein the tubes are pa.s8ed through a 
tube plate and expanded in the usual manner, but having in addition 
horizoiital partition plates of metal at the alternate ends of the tubes, 
whereby the ammonia is caused to travel backwards and forwards 
along the alternate layers or sets of tubes, and thereby to receive the 
full benefit of the cold of the condensing water. By the removal of 
the end covers, moreover, each layer or set of tubes is rendered readily 
acces.sible 'fbr cleaning or impairs. 
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A. cooler or refrigerator comprising a system of horizontal tubes 
placed in a large tank, within which latter a solution of chloride of 
calcium is caused to circulate so as to secure an equable temperature 
throughout the entire length of the tank. 

An absorlxir, wherein provision is made for intimately mixing the 
ammonia gas from the. refrigerator or cooler with ammonia liquor, 
cooled, firstly, by passing it through a small cooler, and secondly by 
bringing it in contact with a series of tubt's thi-ough which water is 
made to circulate, thereby eftecting a considerabh' gain in the working 
of the apparatus. 

An ammonia pump provided with a stuffing box wherein is inserted 
a hollow steel or iron ring of suitable dimensions, to which ring is 
connected a pi[»e leading to a receiver having a glass gauge to show 
the height or quantity of liquor ammonia which has escaped past the 
first series of packing, and is contairuid therein. From this receiver 
a pipe fitted with suitable stop-cocks or valv(*s leads to a small hand* 
force pump or compressor of the ordinary type, so that by opening and 
closing these stop-cocks the escaped liquor caii b(i withdrawn into 
the pump or compressor, or forced back into the generator, as may be 
desired. r 

The provision of means whereby the ammonia liquor from the 
absorber is passed through a coil contained in the compound vessel 
doing triple duty as heater, rectifier, and analyser, and consequently 
enters the generator at a high temperature, and the temperature of 
the ammonia gas on its way to the condenser is likewise reduced. 
The condensation from this ammonia gas which occurs in the rectifier 
and analyser is conveyed back to the generator by gravitetion ; the 
above-mentioned compound or triple vessel being situated above 
the level of the genc^rator, and the pressure in both vessels being 
equal, 

A small cooler wherein the weak liquor ammonia coming from the 
generator in its heated condition is reduced to a state of comparative 
coolness by contact with tubes ccjoled by a circulation of cold water, 
to which water may be added, if required, waste ice to increase its 
cooling capacity. The advantage claimed for thus reducing the 
temperature of the weak ammonia solution is that its power of 
absorbing the ammonia gas from the cooler or refrigerator is thereby 
greatly increased. 

^ The patent granted to Edmund Lionel Pontifex in 1887, subse-' 
quently to both those just mentioned, for improvements in coo/ing and 
refrigerating machines of the class descrilfed in the specification of 
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former letters patent granted to H. F. -Stanley in 1875, lays claim 
to the following : — 

The method of mounting the condenser coils upon brackets pro- 
jecting inwards from the side of the cistern, and retaining them in 
position by means of uprights extending vertically from these brackets ; 
some of which uprights are extended above the tops of the condenser 
coils for the purpose of supporting ihe rectifier coil, and also for 
carrying a vertically arrangcxl cylinder occupying a space in the centre 
of the rectifier coil, and extending to above iho h'Aol of the overflow 
from the cistern. The object of this cylinder ii^ to ensure that the 
cooling water, that rises up thi’ough the cistern, should flow only 
through tlie annular space or clearance situated between the exterior 
surface of the cylinder and the inner surface of the cistern, and 
thus cause it to act in a more ett'cient manner to cool the rectifier coil 
which is contained in this space or clearance. 

An arrangement for ensuring a uniforni action taking place in all 
th('. concentric coils of the condenser, and causing the liquid coming 
therefrom to be of the same tempciraturo, consisting in spacing the 
outer coils vertically further apart than the inner coils, so that the 
increased ^diameter of the outer coils is comptmsated for by the greater 
number of the inner coils. 

To provide for the more perfect regulation of the admission of the 
anhydrous ammonia liquid to the cooler, which reepires very fine or 
minute adjustment, a stop-cock is provided with a plug through which, 
in addition to the way or passage which is usually formed therein, 
there are, at the sides of this way or passage, other narrow passages 
which, when the stop-cock is partially turned on, allow of a small 
and easily regulated (piantity of liquid or fluid being permitted to pass ; 
whilst, on the other hand, it likewise admits of a large volume of the 
liquid being allowed to pass quickly, whenever the cock is turned 
full open, as is sometimes necessary for the purpose of clearing the 
small passages by blowing out any obstrui^tions which may lodge 
therein an^l tend to choke them. 

The ensu ranee of a more effective absorption of the gas, by so 
arranging the absorber that the weak ammonia liquor or solution is 
made tt> fall in the form of a shower on to the surface of a tray, 
which latter is provided with small holes or peiiorations arranged in 
Concentric circles. Through these, holes the weak ammonia liquor 
percolates or drops down on to the tops of the coils of cooling pipes, 
trickling slowly from coil to coil until it reaches the bottom of the 
absorber, from which lattef it is sucked by the ammonia pump through 
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a pipe fitted at its inlet end or extremity with a perforated strainer 
or guard, in order to prevent the ammonia pump suction pipe from 
becoming accidentally choked oi* stoppcsl up by any foreign bodies. 

In order to enabhi th('. interior of any of the coils of pipe in the 
absorber being readily cleared of any deposit, suitable means are 
provided for admitting of a pump cylinder being easily attached to the 
outlet of (vich of th(i (‘oils. This (cylinder is fitted with a piston 
whicli, by nu'ans of a piston rod extending tlauTfrom, can be jerked 
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or moved suddenly and violently to and fro, whilst the cooling water 
is flowing through the coil. The shock thus caused liberates any scale 
that may have become deposited inside the coil, and this scale is 
carried off by the flow of the condensing or cooling water. 

’ The Pontifcx ammonia absorption machine has been further 
improved by Wood, and the Pontifex-Wood apparatus, as at present 
constructed, is probably as near to perfection as can be attained in 
machines -of this class. * 
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Pig. 107 is a perspective view, showing tlie elevation and general 
arrangement of a ma(;iiine of the J'ontifex and Wood type, which com- 
prises a geiK'rator, a separator, a condenser, a refrigerator, an absorbei', 
and an economiser, all of wliicli are fitUnl with the latest improvements. 

liehn-ring to the illustration, A is the generator, n is the separator, 
c is the condenser, n is the I'cfrigerator, k is the absorber, and o is the 
economiser, ii an^ the ammonia jmmps, the (Mmstruction of which will 
])emor(; clearly understood from the enlargeil views, Pigs. lOS and 109. 



Pigs, ins and 109 . — Pontifcx-VVocid Improved Ammonia Pump, 
Elevation and Vertical Central Section, 


The ginnwator A consists of a horizontal cast-iron cylindrical 
vessel, containing a coil of steam pipe adapted to be heated by direct 
or live sleam from the onlinary steam boilers, and into which the 
charge of commercial ammonia is inserted. 

The separator n, which is connected to the top of the generator by 
suitable flanges, and arranged vertically, and at right angles to the 
latter, is so construckid that any aqueous vapour that rises with the 
vaporised or gasified amm^mia from the generator will be arrested or 
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trapped by a suitable arrangement of baffles or checks, and is returned 
into the generator ; the practically anhydrous ammonia passing 
through a pipe from the top of the separator to the condenser c. 

In the condenser c, which consists of a number of coils of pipes 
inclosed in a wj’oiight-inui vertical cylinder which is constantly kept 
full of cold water in circulation, the anhydrous ammoniacal gas or 
vapour is condensed and liquefied by the pressure caused by its own 
accumulation. 

The liquid ammonia, which leaves the condenser at a temperature 
of between 70" and 80" Fahr., next passes into the cooler or refrigerator 
D, which is a vertical cast-iron vessel fitted with coils of wrought- 
iron pipes, through which a circulation of water or brine is kept running. 
Tn tliis cooler or refrigerator the liquid ammonia instantly expands, 
and again takes the form of gas or vapour. During this expansion 
its sensible heat becoming latent, as already stated, its temperature 
is reduced instantly to from 10“ to 20“ Fahr., or considerably lower if 
'.required, and the water or, where employed for ice-making, the brine 
is reduced or cooled down to any predetermined temperature. 

After performing its cooling office in the refrigerator d the ammonia 
gas or vapour is led through another pipe into the absorber E, wherein 
it comes into contact with, and is taken up and absorbed by, the water 
from which it was first eliminated in the generator a, the strong 
solution thus formed being drawn off by the ammonia pumps n and 
forced back through the economiser or heater g (wherein its tempera- 
ture is raised by the water which is passing from the generator into 
the absorber) into the generator a to be re-evaporated. 

The improved ammonia pumps, as shown in Fig. 107, are mounted 
in A-shaped frames, and when employed with a brine circulation, a 
brine pump is also attached to the outside of one of the A frames, and 
is driven by means of a disc crank fixed upon the shaft carrying the 
eccentrics for working the ammonia pumps. 

One* of the ammonia pump cylinders is shown in side elevation 
and vertical central section in the enlarged views, Figs. 108 and 109. 
As will be clearly seen from the sectional view, Fig. 109, the pump is 
of the piston type and double-acting. 

A great advantage in having two ammonia pumps is that they can 
be so arranged that, if necessary, one of them can be shut off for 
repairs or overhauling, whilst the other is continued in work. 

The method of working the Fontifex-Wood improved ammonia 
absorption machine is as follows : — , 

All connections being properly made, and the generator filled or 
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charged with the ordinary ainnioniacal liquor of commerce, up to the 
proper level, aa indicated by the gauge attached thereto, a little steam 
is admitted to the coil of j^ipos inside the generatoi*, so as to raise 
just sufficient pressure of gas or vapour to (‘xpel all the air from the 
apparatus through an escape valve provided for that purpose in the 
absoiTer. 

As soon as all the air is thus expelled, the full pr(‘ssui‘e of steam 
is turned on to the heating coils in the generator, and the ammonia 
in the solution, being extremely volatile, is instantly driven off in the 
form of gas or vapour, and passes up through Uk? separator, where 
any aqueous vapour is arrested, and returned to the top of the 
condenser ; the aqueous portion of the aminoniacal solution remaining 
behind in the generator. 

The condensing water is admitted at the bottom of the condenser 
and is taken off at the top, the ammoniacal gas or vapour taking the 
opposite course, and passing (lownwards through the coil of pipe 
therein, the upper portion of which coil is provided at intm*vals with 
traps or pockets, and is known as the rectifier. During its passage 
through this coil the gas, or vapour, is reduced in temperature by the 
condensing water, and any watery particles that may have escaped 
the separat/or, and been carried over with the ammonia, are caught in 
the above-mentioned traps or pockets, and are immediately passed out 
of the coil and returned into the separator, through the connection 
shown in the drawing. After passing the lowermost trap or pocket 
the ammoniacal gas or vapour is quite dry or anhydrous, and it is the 
practically pc ' feet reduction thereof to this condition that constitutes 
the chief advantage of the Bontifex-Wood improved machine. 

The dry or anhydrous ammoniacal gas or vapour now continues 
to descend the coil in the condenser, until, by reason of its accumula- 
tion, it reaihes a j.ressmc at which it becomes liquefiable, the lique- 
faction being greatly forwarded by the reduction of temperature 
effected in the condenser by the constant circulation of the cooling 
water. The apparatus is so constructed and regulated that, as the 
ga£ or vapour becomes liquefied, the product of liquid anhydrous 
ammonia passes into the refrigerator, wherein it vaporises at the 
ordinary atmospheric pressure at a temperature as low as - 28 '" Fahr., 
and at the moment it thus changes its form it absorbs and renders 
latent a very large aipount of heat, as has been already mentioned. 

The water or other liquid to be cooled is passed direct through 
the coil arranged in the refrigerator ; or, where ice-making is carried 
out, a strong solution of cyoride of calcium or biine is passed thi’ough 
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it, cooled to the requisite low temperature, and pumped into the ice- 
making or freezing tanks. 

The ammonia, whicli has now again assunmd a gaseous foi'in, passes 
from th(^ top of the coolei- or refrigerator into tlui absorber, which 
latter is connected to the bottom of the genei-ator, through a suitable 
pi})(5, the pressun'. in the latter forcing a constant stream of the water 
left in it at starting into tla' absorber, when^ this weak solution greedily 
absorbs or takes up the gas coming from the refrigerator, and the 
strong solution thus formed, wdiich is similar to that first placed in 
the gtmerator, is di'awn off by the ammonia pumps. 

The strong rich solution is then forced through a coil of })ipe in 
the economiser or lieater into the top of the separator, wherein it 
pass('s down through a succession of trays, whicli latter are heated by 
the hot vapour or gas ascending from the gcmei’ator, and the ammonia 
is once more separated from the watei* in which it is dissolved, the 
solution gradually becoming weaker, until it finally falls back into tln^ 
' generator almost entirely (’ixhausted of ammonia. 

As in Cari'tVs a])paratus, tlie comphite process forms, it will be 
se(*n, a continuous closed cycle, the changes from liquid to gas and 
ince versa being constantly repeated. 

Theoretically the only outlay for working the machine, outside the 
small amount of oil ixHjuired for lubricating the moving parts and the 
labour, is that entaik'd for the coal or other fucd consumed in raising 
sh^iiin for heating purposes, where exhaust or waste steam is not 
(‘mployed, and for supplying the small steam (uigine requisite' to drive 
the ammonia pumps ; in cases, however, where water has to be paid 
for, there is an additional outlay for the water that is used for con- 
densing and other purposes. The boiler power required, where direct 
or live steam is used, varies from 2 H.P. in the smaller machines, 
which are capable of performing w'ork equal to tin? reduction of 225 
gals, of water 10", or of 60,000 cub. ft. of air 20" Fahr. per hour, 
or of tin ice equivalent melted per twmnty-four hours of 1 1 tons ; up 
to 15 H.P. in the larger sizes adapted to so treat 8,000 gals, of 
water, or 1,900,000 cub. ft. of air, or of an ice equivalent in tons 
melted per twenty-four hours of 50 tons. In like manner the indicated 
horse-power that is necessary for driving the ammonia pumps will run 
from one, in the small machines, up to six in the larger sizes ; and 
the amount of condensing water at 50" Fahr. from 100 to 3,000 gals, 
per hour. 

In practice a certain amount of the ammonia is always unavoidably 
lost by leakage, even under the most favourable circumstances. The 
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amount of ammonia that thus goes to waste and has to be replaced 
depends chiefly ujw)!! the care taken in packing the ammonia pumps, 
but under average conditions it usually varies from 240 to 400 lbs. per 
annum. The price of the ordinary commercial liquor ammonia used 
in the machine is from 3d. to 4d. per lb. In some exceptional cases, 
however, machines have run in a satisfactory manner for two or three 
years without any additions of ammonia having been made. 

Other refrigerating machines acting on the above principle, of 
which mention may be made, are those of Hill, Seeley, and another 
one of French origin. 

A number of British patents have been obtained by Frederick 
Barker Hill, both singly and in c.ombination with others, for improve- 
ments in ice-making and refrigerating machinery. No. 3,427 of 1S76, 
Nishigawa and Hill; No. 6,808 of 1885, Hill and Gorman; and No. 
15,914 of 1886, Hill and Gorman, claim certain improvements in 
absorption machines, tlie latter patent comprising mainly improved 
means for heating the ammonia boiler and for the formation of cold 
stores for refrigerating purposes. Hill, No. 13,487 of 1887, describes 
a ref . igerating machine with mercurial pump, wherein mercury is 
employed for drawing air .>r other gas or vapour into and discharging 
it from oiib or more chambers. It is stated that the mercury acts as a 
seal to close the aperture of the suction pipe, and that, consequently, 
the use of a suction valve can be dispensed with. TIji’ j pump may be 
adapted for use with an apparatus such as described in the previously 
mentioned patent. 

No. 17,071 of 1888, Hill and Sinclair, contains a description of a 
refrigerator or ice-making machine mounted upon road or travelling 
wheels, and provided with suitable moans whereby motion may be 
transmitted to its driving shaft from one of the wheels during trans- 
port. 

No. 20,811 of 1889, Hill and Sinclair, contains certain improve- 
ments in the absorption machine described in No. 15,914 of 1886. 
The ammonia Ixnler or still is formed in this case of two horizontal 
tubes connec^)ed by suitable pipes which extend longitudinally within 
the tubes. The horizontal parts of the pipes are perforated at their 
upper sides to ensure uniformity in the action of the apparatus. In 
combination with the refrigerating apparatus are employed two slabs 
or tables formed of metal or other suitable material of good thermal 
conductivity, beneath which circulates brine or other non-congealable 
liquid for conveying the cold from the refrigerating tubes or chambers 
to the slabs or tables, Th^ cold slabs or tables are adapted for facUi- 

13 
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tilting and expediting the manufacture of cliocolate, confectionery, 
pastry, and other substances which are formed in moulds, and which 
can be manipulated upon the slabs or tables. 

Hill, No. 16,253 of 1889, describes an improved refrigerating and 
ice-making machine, adapted to work on the intermittent ammonia- 
absorption process. The main features of the invention consist in the 
production of cold by this method, wliereiri impoverished ammoniacal 
liquor from the ammonia boiler is caused to pass into one or more 
supplementary or auxiliary absorbers, in which the ammoniacal gas is 
subsequently absorber!, and from which the liquor, tr)gether with the 
gas absorbed thereby, is then returned to the ammonia boiler. 

In ammonia-absorption refrigerating and ice-making machines as 
constructed before the date of this invention, it was necessary, after 
the distillation of the ammonia, to reduce the temperature of the liquid 
in the boiler until the pressure became sufficiently rliminished to permit 
the vaporisation of the liquid ammonia in the refrigerator, and until 
the liquid in the boiler was sufficiently cool to piumiit the absoi’ption 
nf the ammoniacal gas thereby. This cooling of the liquid necessarily 
occupied a considerable space of time. Besides, in many of thc^se re- 
frigerating and ice-making machines the absorption of the ammoniacal 
gas took place only at the surface of the liquid in the boiler, and was 
necessarily a slow process, the liquid being of higher tempcjrature at 
the surface than at any other part thereof, and having its temperature 
raised at the surface by the condensation of the gas. 

The inventor claims to have discovered that, by employing one or 
more separate or auxiliary absorbers, which can be put in communica- 
tion with the boiler, the cooler or condenser, and the refrigerator as 
required, and in which the ammoniacal gas can ascend through a body 
of liquid, ho can very rapidly diminish the pressure in the ammonia 
boiler by absorbing the gas from the boiler, the rectifier, and the con- 
denser in the absorber or absorbers; and is enabled to effect the 
absorption of the ammoniacal gas from the refrigerator, either in the 
supplementary or auxiliary absorber or absorbers or in the boiler, 
immediately or very soon after the distillation, thus greatly expediting 
the production of cold by the machine. 

Fig. 110 is a front view partly in section, and Fig. Ill is an end 
view of HilFs refrigerating apparatus provided with a supplementary 
or auxiliary absorber. 

' A indicates the ammonia boiler, b the separator or rectifier, c the 
cooler or condenser, and d the refrigerator, k is the supplementary or 
auxiliary absorber, which is connected with^the boiler a, the condenser 
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c, and the refrigerator i) by pipes f, pi, f2, fitted with stop-cocks or 
valves G, cd, (d, fd. By the manipulation of these cocks as may be 
required, the impoverished ammoniacal liquor from the boiler may be 
introduced into the absorber e after the distillation of the ammonia, 
and the liquid charged with gas by absorpl ion may be caused to retuni 
from the absorber to the boiler. Thus when the liquid anhydrous 
ammonia has been collected in the refrigerator d, the cocks (d, g^, are 
closed and the cocks g, fd partly opened, so as to admit of the weak or 
impoverished solution from the boiler a, or a sufficient portion of it, 
being forced into the absorber e ; the cock or valve rd is then closed, 



Figs. 110 and 111. — Hill’s Ammonia Absoiption Machine with Supplementary or 
Auxiliary Absorber. Diagrams showing Front and End Views. 

and the cock g^ is opened to rapidly relieve the pressure in the con- 
denser, rectifier, and boiler, by allowing the gas therefrom to become 
absorbed by the weak solution in the absorber e. As soon as the 
solution in the boiler is sufficiently cooled to permit reabsorption of 
the gas thereby, the boiler is placed in communication with the 
refrigerator by opening the cocks or valves g\ (d. Tlie ammonia 
solution from the absorber e will be returned by gravity or in any 
other convenient manner into the ammonia boiler a, through the 
cocks G, G^, when required. 

Instead of placing the refrigerator d in communication with the 
boiler A, it may be so conrtected with the supplementary or auxiliary 
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absorber k, thereby permitting the vaporisation of liquid ammonia in 
the refrigerator, and, the absorption of the ammoniacal gas by the 
impoverished ammoniacal liquor previously introduced into the 
absorber e from the ammonia boiler. While the vaporisation of the 
ammonia in the refrigerator is thus proceeding, the v^eak solution in 
the ammonia boiler may be cooled, after which the refngerator may be 
put into communication with the ammonia boiler. 

In Fig. 112 is shown a complete machine constructed on the fore- 
going principle, l is a coil boiler for heating the solution in the 
ammonia boiler a, with which the coil boiler is connected through 
the medium of a separator m. 

The type of absorption machine made by the Henry Vogt Machine 



B’ig. 112. — Hill’s Ammonia Absorption Machine, with Supplementary or 
Auxiliary Absorber. Diagrammatical View of Complete Machine. 

Co., of Louisville, 'Ky., U.S.A., has no round coils and bent pipes. 
The generator operates on the fractional distillation principle, and is 
claimed to produce practically anhydrous ammonia. It consists of a 
main casting divided into four compartments communicating tl\e one 
with the other, and four horizontal pipes connected to the main casting, 
which contain the steam heating coils. The highest compartment of 
the maip casting is connected to a stand-pipe containing an analyser 
and rectifying coil by which the gas is dried before it leaves the still, 
TJhe strong liquor is passed in. at the top of the stand-pipe, and 
descending through the rectifying coils and the analyser reaches the 
uj^r compartment of the main casting, from which it flows over ^e 
steam coil in the horizontal pipes, passing ffom one to the other^ until 
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the lowermost compartment is reached. The gas that is generated is 
delivered thiougli the aperture in each compartment to the stand- 
pipes, where it deposits its moisture, and the dried gas goes on to the 
condenser. 

The heat exchanger or economiser consists of an arrangement of 
sti’aight concentric tubes, the outermost of which are connected at their 
alternate extremities by H -shaped pieces, and the inner ones being 
coupled together by external bends also acting as glands to the joint- 
ing, The strong ammonia liquor enters the heat exchanger at the 
bottom on its passage to the still or generator, and is delivered out at 
the top. The weak liquor from the still or generator on the other 
hand enters the heat exchanger at the top, and leaves it at the bottom. 

A double-acting horizontal fly-wheel pattern pump, running at a 
speed of twenty-five revolutions per minute, is employed, the special 
feature of which is the construction of the ammonia stuffing box with a 
surrounding water chamber, wl ich acts as a lubricator to the piston 
rod. 

Tlie absorber is constructed in the form of an upright tubular 
boiler open at the top, the tubes being uniformly distributed, and so 
arranged that they can bo cleaned whilst the machine is running. The 
cooling water is admitted at the bottom, and passes out at the top, 
an automatic regulator controlling or governing the flow. 

The type of absorption machine made by the Ice aud Cold Machine 
Co., of St Louis, Mo., U.S.A., is a mpdification of the Carre apparatus 
by Mr Ball. The generator is constructed of steel and is of a vertical 
cylindrical foim, having a removable top head, steam heated, and with 
drying trays or pans arranged in the gas dome. An open-air or a 
submerged type of condenser is employed in accordance with the 
water supply. The heat exchanger or equaliser is a cylinder fitted 
with remo\ able heads containing tubes. From the shell of this heat 
exchanger the poor liquor passes to the coils of the poor liquor cooler, * 
which is also either of the submerged or open-air surface evaporative 
type, and thence to the absorber. 

The gas -liquefied in the condenser tubes passes through the expan- 
sion valves to the expansion or evaporating coils in the freezing tank, 
and it fetiUrns f i om thence to the absorber. 

This latter apparatus is a cylindrical-shaped vessel fitted with 
vertical tubes, up through which tlie water passes, removing the heat 
from the ammonia. 

The ammonia is raised by two single-acting vertical pumps driven 
by a vertical steam engine* to which they are directly coupled. These 
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pumps lift the enriched ammonia from the absorber through the 
exchanger tubes into the top of the generator, and thus complete the 
cycle. 

To dry the gas and separate any moisture therefrom the air-blast 
is maintained at a temperature of 14° below zero Fahr., and the 
temperature of the ice-making box or tank is from zero to 2“ Fahr. 



Fig. 113. — Tyler & Ellis’ {Cracknell’s Patent) Ammonia Absorption 
Machine. Front View. 

Fig. 113 is a front view, Fig. 114 is a side view, and Fig. 115 is 
a vertical longitudinal central section through either side of Fig. 113, 
showing Cracknell’s patent ammonia absorption machine, formerly made 
by the Tyler & Ellis Mfg. Co., Ltd,, eubsequently by Ransome k Rapier, 
Ipswich, and known as the “ Simplex.” The machine consists essen- 
tially of two vessels (a and b), one of which vessels (say b) contains strong 
anhydrous ammonia liquor, and is heated by a steam coil, whilst the 
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Fig. 1 14. — IVler & Ellis’ (CrackneU’s Patent) Ammonia Absorption 
Machine. Side Elevation. 


other . cssel A is filled with the spent liquor from the last operation, 
and is cooled by a water coil. Ammonia is given off in n under 
considerable pressure, and passes through the valve to the condenser, 
where, becoming cool, it condenses or liquefies, and passes to the 
expansion valve as liquid anhydrous ammonia. Afte;r getting by the 



Fig. 115.-— Tyler & Ellis’ (CracknoUs Patent) Ammonia Alisorption Maishine. 
Verticaf Longitudinal Central Section. 
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expansion valve, which latter is regulated to pass the liquid according 
to the amount of heat to be abstracted, or cooling to be performed, 
the pressure disappears, and the liquid ammonia rapidly evaporates as 
it traverses the succeeding pipes and coils, producing a large volume 
of gas of an intense cold. After traversing the cooling coils in the 
evaporator or refrigerator the gas returns to the machine through 
another valve, where it meets the weak liquor in the vessel a, and is 
absorbed by it. This process continues until the charge in b becomes 
spent, and that in a concentrated, when the valves i and x must be 
closed, the valves l and K opened, the reversing handle t turned 
towards d, and upon the equalising of the pressure on the two gauges 



Fig. lit). — Lyon’s Patent Ammonia Absorption Machine. Plan. 


the valves l and k' should be closed, the valve j opened, and, as soon 
as the pressure falls below 30 lbs. on the pressure gauge on a, the valve 
M should be also opened. The effect of this will be to exactly reverse 
the order of things, a then becoming the high pressure or hot side, and 
B the low pressure or cool side. Each of these operations will average 
about an hour. 

Fig. 116 is a plan, Fig. 117 is front view, and Fig. 118 is a vertical 
longitudinal section illustrating a small refrigerating machine, on the 
absorption system, designed by Mr. Lyon, of (Jlasgow. The illustra* 
tions, as well as the following description, are taken from his patent 
specification, 

a is the generator, and a is the absorbei^^, both of which are ^ hori- 
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zontally placed cylindrical vessels, the absorber l)eing located at a 
higher level than the generator. Heat is applied in the generator a, 
through a pipe s, through which steam is passed, or an electi’ic heater 
or other known heating appliance may be used ; and the vessel is 
encased in a shell packed with a material 11 which is a bad conductor 
of heat. The upper part of the generator a is connected by a pipe B 
to the lower part of a vessel it, termed a rectifier, which is kept at 



Fig. 117.— Lyon’s Patent Ammonia Absorption Machine. Front Elevation. 


a moderate^ temperature by a water jacket J, and in which ammonia 
vayioar entering it from the generator o separates from traces of water 
which return to the generator. From the rectifier R the ammonia 
vapour passes through a pipe D to a worm or other condenser c, in which 
it is acted on by cold water so as tQ become cooled and liquefied. 

The ammonia thus condensed and liquefied is employed in the 
ordinary way so as by its expansion in tubing T, indicated by dotted 
lines, immersed in brine ’in a tank u, to produce refrigeration, the 
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ammonia proceeding from the condenser c by a pipe v, having on it 
a regulating or expansion valve w to the expansion tubing t. From 
the expansion tubing the ammonia vapour passes by a pipe x into the 
absorber a, which is provided with an internal pipe coil Y, and with 
an external jacket z, through which cold water is passed. 

On starting the machine the absorl^er a will be partly filled with 
water or with a weak solution of ammonia, there being then in the 
generator g a strong solution of ammonia. During the operation the 
solution in the generator g becomes weakened because of the evapora- 
tion of the ammonia, whilst that in the absorber a becomes strengthened 
by absorbing ammonia vapour from the expansion tubes t ; and when 



Fig. 118. — Lyon’s Patent Ammonia Absorption Machine. Vertical 
Longitudinal Section. 


the operation has 'been continued as long as is desirable, the strong 
solution in the absorber is run through a stop-cock e and pipe f into 
an intermediate vessel i. Then there is opened a stop-cock K on a 
pipe L, which extends from the absorber a down to the lower part of 
the generator g, whereupon, owing to the excess of the pressure in the 
generator over that in the absorber, the weak solution in the former 
is transferred to the latter. Finally a stop-cock m in a pipe n, con- 
necting the intermediate vessel i with the generator, is opened, and the 
strong solution is run into the generator ready for a fresh operation. 

For the purpose of equalising the pressure, the intermediate vessel 
I }ias connected to it a pipe a, with branches 6, c, connected to the 
absorber a and to the generator g, the branches having stop-valves d, e. 
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Thus when the solution is being transferred from the absorber A to the 
intermediate vessel i the upper valve d is opened, the lower one e 
being closed, and when the solution is being transfeiTed from the 
intermediate vessel .1 to the generator c, the upper valve d is closed, 
and the lower one c opened. 

An ammonia absorption machine designed by Mr C. Senssenbrenner, 
a German inventor, and shown in Fig. 119, has an evaporator a com- 
municating, with the condenser d through an opening e. The condenser 



Fig. 119. — SoiiBHenbrennci Fig. 120.— Diagram illuBtratiiig Coleman’s 
Patent Ammonia Absoiption Electrically-heated Absorption Machine. 

Machine. 

is fitted with a cooling receptacle f/, which has on its outer surface 
upwardly inclined ribs h for catching the ammonia which is liquefied. 
During condensation, water is admitted to the receptacle g by an 
inlet pipe and is led away by the outlet but, when the receptacle 
a is cooled by the passage of the water through the coil h and the 
pipe i is removed, water placed \n the receptacle g is frozen by the 
evaporation of the ammonia. The receptacle a may be heated by 
steam or fuel. 

Fig. 120 is a diagrafii illustrating a patent automatic electrically 
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heated absorption machine lately designed by Mr C. J. Coleman, of 
Chicago, U.S. Tn the diagram the appamtus is shown partly in vertical 
central section, and a represents a combined absorption and generating 
chamber ; b an auxiliary absorption chamber ; c the rectifier or water 
separator ; d the storage or condensing coils or chamber in which the 
ammonia gas collects in a liquid or highly condensed state ; w the 
automatic expansion valve or cock; p the expansion chamber, or 
coils, wherein the condensed ammonia gas from the storage chamber 
is allowed to expand so as to effect the cooling step or operation of the 
system. 

As shown, the generator a is connected by means of a pipe o with 
the water separator or rectifier c, and tliis latter is in its turn connected 
by a pipe h with the condensing or storage chamber d, a check valve i 
being provided in this pipe connection to prevent any backflow into 
the r*ectifier and generator. The condensing chamber d is connected 
to the expansion or cooling chamber p by a pipe J, in which latter 
li arranged the expansion valve or cock e, and the expansion or 
cooling chamber is in its turn connected to the auxiliary absorption 
chamber b, by means of a pipe K, the auxiliary absorption chamber 
being connected to the main generator by a pipe l, fittei^ with a 
check valve m, to prevent any backflow from the generator into the 
former. 

The rectifying chamber c is provided with a partition or diaphragm 
N, which is constructed of some material of a porous nature that will 
allow of the passage there-through of a gaseous body such as ammonia 
gas, but will prevent the passage of water or aqueous vapour. For 
this purpose the inventor finds unglazed and highly vitrified porcelain 
to be a good material, and a similar material to that employed in the 
manufacture of the ordinary porous battery cups that has been treated 
with some antihygroscopic material, such as paraffin, is likewise found 
to be suitable for the purpose. The cup or pot- shaped form shown in 
the drawing is found to be preferable, as affording the maximum amount 
of working surface, in combination with cheapness and simplioity of 
construction. 

Electricity is employed for heating purposes, and o represents an 
electric heater, which is arranged within the generator a, so as to 
raise the temperature of the latter to the desired point. The operating 
<^rcuit of this electrical heating- apparatus includes, in addition to 
a battery, or some other source of electrical energy p, a switch 
mechanism q, which is adapted to open and close the circuit, and 
which is so pivoted that it will have more or less friction on its 
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pivotal bearing, and thus will have a tendency to remain in the 
position to which it may be set or moved, until such time as it is 
positively moved from such position ; r is a pressure gauge or motor, 
located in the pipe connection h, letwling from the rectifier c to the 
storage tank or coil d, and the duty of which is to indicate the pressure 
within this coil or tank, and also to impart movement in unison with 
the pressure in this latter to a connecting rod or link s, wliich latter 
is in operative connection with a pivoted thermostat T of a bimetallic 
formation. These connections are so arranged that with the variations 
of pressure in the storage tank or coil d, the thermostat T will be 
correspondingly moved towards or away from the contact point v. 
This operating circuit, which is controlled by the thermostat, in 
addition to a battery or other source of electrical energy v, also 
includes an operating electro-magnet w, by which the switch mechanism 
Q is worked, so as to break or open the circuit of the heating 
apparatus o. 

X is a float arranged in tho interior of the generator a, which float 
is connected with a pivoted bimetallic thermostat \ in such a manner 
thr.t the final movement of the float in an upward direction will move 
the ther^iostat y towards the contact point Y^, and will thus complete 
or close the circuit. In this circuit is also included a battery Y^, and 
an operating electro-magnet Y^, by which the switch mechanism Q is 
worked to close or complete the circuit of the heating apparatus. The 
electro-magnet z is adapted to open the expansion valve or cock e, 
and the operating electrical circuit in this magnet, in addition to a 
battery or other source of electrical energy z^, also includes a thermostat 
z^, which is within the influence of the expansion or cooling chamber p 
of the system, and which is fidapted to maintain the temperature 
within the expansion chamber constant. 

In Fig. 121 is shown diagrammatically the general arrangement of 
a leading type of modern American absorption machine. The con- 
struction of this apparatus will be seen from the particulars given 
upon the drawing, and the operation of a large modern plant will be 
clearly understood from the diagram, Fig. 122, and the following 
concise description of the paths taken by the ammonia, cooling water, 
and ammonia liquor through various members of the system, abstracted 
from an article in Power ^ of New York, by Mr F. E. Matthews. , 

Cycle Tra/oersed hy Ammonia . — -This can be readily traced by 
following the course of the heavy arrows in the diagram. The circuits 
of both the gaseous and aqueous components of the aqua ammonia 
refrigerant, as well as that of the cooling water, can be more readily 
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followed out by means of this diagram, in wliich all mechanical details 
have been omitted, and the several members of the refrigerating system 
are represented by shaded areas occupying approximately the same 
relative positions on the diagram. The path of the ammonia is repre- 
sented by a heavy solid line, that of the water component of the aqua 
ammonia refrigerant by a narrow solid line, and that of the cooling 
water by a broken line. The direction of travel in each case is 
indicated by arrows. 

“From this diagram it will bo seen that, as ‘anhydrous ammonia,’ 
the refrigerant starting from the ‘ anhydrous receiv(U' ’ passes to the 



Fig. 1 22. -- Diagram showing Paths of Ammonia, Cooling Water, and Ammonia 
Liquor through Various Members of Absorption S 3 ’' 8 tem. 


‘brine cooler,’ where, in changing to the gaseous state, it performs 
its sole function of absorbing heat from the brine. As saturated low- 
temperature ammonia vapour, the refrigerant starting from the brine 
cooler passes to the absorber, where it enters into solution or is 
absorbed by the weak liquor from the generator, forming strong liquor. 
As hot strong liquor the refrigerant, starting from the absorber, passes 
through the exchanger, where it gives up some of its heat to the weak 
liquor on its way to the absorbed, then on by way of the analyser 
into the generator, where the ammonia gas is driven out of the strong 
liquor solution, under high pressure, by the application of heat, and 
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passes through the analyser and rectifier into the condenser, leaving 
the impoverished aqua ammonia or weak liquor behind in the generator. 

“In the condenser the heat originally absorbed by the anhydrous 
' ammonia in changing from the liquid to the gaseous state in the brine 
cooler, as well as that added to increase its temperature and drive it 
out of solution in the generator, is given up to the cooling water, 
circulated through the condenser, causing the ammonia to return to 
the liquid state, after which it flows to the anhydrous receiver, and 
the cycle is again traversed. 

“ The aqueous component of the aqua ammonia refrigerant, starting 
from the bottom of the absorber in company with the ammonia in the 
form of strong liquor, passes through the exchanger and analyser into 
the generator. Here it is separated from the greater part of the 
ammonia and returns through the exchanger and weak-liquor cooler 
to the absorber. Here it again joins the anhydrous ammonia, forming 
strong liquor, and retraces the path just described. 

^^Path of Cooling Water , — The cooling water is admitted first to the 
ammonia condenser, where it performs its most important function of 
removing heat from and liquefying the ammonia gas. After leaving 
the ammonia condenser it is still cool enough to be capable yf absorb- 
ing a considerable amount of beat from the strong liquor in the 
absorber, more from the weak liquor fresh from the generator in the 
weak-liquor cooler, and still more from the hot ammonia gas fresh 
from the generator in the rectifier, after which it usually passes to 
waste. 

“Still another line might have been drawn on the diagram indicating 
the path traversed by the heat from the point of its absorption from 
the brine in the brine cooler to that of its expulsion with the cooling 
water from the condenser. Such a line, however, would coincide with 
that representing the ammonia from the point where the heat and the 
" vapours of the refrigerant leave the brine cooler, continuing to the 
condenser, where it would cross over and join that representing the 
cooling water. It would then follow this line through its circuitous 
passage to the point where, together with the water, the heat flows 
away to the sewer. 

“It should be noted that throughout the entire system a counter- 
current effect is carried out between the cooling and the c5oled 
substances. 

“By these cx)u n tor - current cooling effects, in which the coldest 
cooled substance gives up its heat to the coldest cooling substance, 
and the hottest cooled substance to the v^armest cooling substajnee, 



THE ABSORPTION PROCESS OR SYSTEM. 209 


the outgoing substance is cooled more nearly to the temperature of 
the incoming ' ooling substance than would otherwise be possible, thus 
effecting economy not only in the amount of the cooling substance 
required, but also in the operation of the system through the reduction 
in the amount of the refrigerating medium required for a given amount 
of cooling.” 

The novel feature in Seeley’s absorption machine is the arrange- 
ment of the generators, which can be alternately heahul by means of 
steam coils, and which are charged with dry pulverised chloride of 
calcium. On heat being applied to one of these generators the liberated 
gas rises, is passed through a condenser, expanded and evaporated in a 
i-efrigerator, and lastly returned to the second generator, wherein it is 
taken up or absorbed by the dry chloride of calcium. Heat is then 
applied in its turn to the second generator, and the operation is I'eversed, 
and so on ad the generators alternately becoming absorbers. 

Jn a French machine?, th(' refrigerating agent used is amylic ether, 
which is capable of dissolutioi under the action of sulphuric acid. 
The ether is first extracted from the acid under the action of heat, is 
liqu' hed ancler a considerable pressure, and is passed into a suitable 
receiver or container, fruFti which it can be admitted by means of a 
stop-cock or valve to spiral ducts surrounding a cylinder or vessel con- 
taining the water to be frozen, wherein by its exi)ansion into gas it 
abstracts the heat, as already mentioned with respect t<' other machines 
of this class. The vapour is then returned to a vessel containing sul- 
phuric acid, by which* it is once more absorbed, to be subsequently 
again expelled or driven off therefrom by heat, and to pass through the 
same cycle of operations as before. 

Those machines wherein a refrigerating agent is used, which con- 
sists of a compound or dual liquid, one of which is capable of liquefac- 
tion at comparatively low i)ressure, taking the other or second one 
into solution by absorption ; or, in which the refrigerating agent is 
liquefied partly by absorption and partly by mechanical compression, 
are said to work on what is usually known as the binary or dual 
absorption system. 

J(.hnson and Whitelaw’s machine is designed for use with bisul- 
phide of carbon This refrigerating agent is first vaporised, and with 
the air introduced by the force-pump is passed through chambers 
charged with oil, by which the bulk of the moisture of the gas is taken 
up or absorber!, provision being made for extracting that of the air 
by passing it through a pipe leading to the air-pump, which pipe is 
partially filled with chloride of calcium. 

M 
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Pictet’s refrigerating agent consists in a combination of carbon 
dioxide and sulphur dioxide, which forms a liquid having a vapour 
tension much less than that of carbon dioxide, or even of sulphur 
dioxide, at temperatures above 78“ Fahr. A cooler or refrigerator 
patented by Pictet in 1887, which can be employed either with a 
compression or an absorption machine, has been already briefly described 
on page 91. 

Tn Nicolli and Mort’s machine the refrigerating agent used is 
ammonia. The apparatus consists essentially in three main parts, viz., 
an evaporator, a pump, and an absorber, and the operation is as 
follows ; — 

The evaporator or generator is first charged with strong ammoniacal 
liquor, vaporisation being effected by reducing the pressure through the 
action of the pump, and heat being abstracted thereby from the liquor 
to be cooled in the usual maimer ; the evaporator or generator thus 
performs a dual office inasmuch as it also acts as the refrigerator. 

The weak or exhausted liquor passes out at the bottom of the 
evaporator and is conducted through suitable pipes to the pump, where 
it meets the ammonia gas or vapour, and, together with the latter, is 
pumped into coolers, sufficient pressure being applied to liquefy the 
vapour, and cause a re-dissolution thereof ; the strong solution is then 
returned to the evaporator, passing on its way through an interchanger 
wherein its temperature is reduced by that of the cold, exhausted, or 
weak liquor also passing there— through to the pump. 

Be Motay and Rossi use as a refrigerating agent a mixture of 
common ether and sulphur dioxide or sulphurous acid (SOg), which 
compound is known as ethylo-sulphurous dioxide. It was found by 
experiments that, at ordinary temperatures, Liquid ether has the power 
of taking up or absorbing large volumes of sulphur dioxide, amount- 
ing to as much as three hundred times its own bulk, the tension of 
the vapour given off from the dual liquid being below that of the 
atmosphere at a temperature of 60“ Fahr, 

The two liquids are evaporated in the refrigerator by reducing 
the pressure through the action of the air-pumps. The. pressure in the 
condenser is at no time in excess of that required to cause a liquefac- 
tion of the ether. The capacity of the pump need not be so large as 
that which would be necessary were ether employed by itself, but it is 
‘ necessarily somewhat more than that demanded for pure sulphur dioxide. 

Be Motay and Rossi’s apparatus is said to have given very good 
results in the United States, where it has been used for a number of 
years. ^ 



CHAFPER X 

THE (^OLI)-ATR SYSTEM 

Principles of—lCarly Maoliines— Modern Patterns of Machines— The Allen Dense- 
Air Ice Machine Maximum Theoretical Efficiency of Cold-Air Machines 
— Comparative Tests of Cold-Air Machines. 

M vcHiNKis on the eokl-air system, that is to say, wliich abstract lieat 
by first compressing air or other gas, cooling same, and afterwards 
permitting it to expand, or by first applying heat in order ultimately 
to produce cold, operate; on a principle which is one of the simplest in 
physic's, viz., that the compression of air or other gas generates heat, 
and the subsequent expansion thereof cold. 

Mechanical work and heat being respectively convoi’tible, it follows 
that should a gas be caused to perform certain work on a piston during 
expansion, its store of caloric will be exhausted thereby to a degree 
equal to the thermal equivalent of the work done, the gas after expan- 
sion being at a lower temperature than it was before expansion, that 
is, provided always no boat is supplied from any other source to restore 
that so lost. 

Machines of this kiiid or class, although they have been used from 
time to time for cooling hydrocarbons of a volatile nature, are more 
generally employed with ordinary atmospheric air only, hence they are 
commonly known as cold-air machines. 

There, have been several notable improvements made in cold-air 
machines during the last few years, practically removing most of the 
old defects, and, in the author's opinion, putting them quite to the 
|oref»'ont fof the refrigeration of food-stuffs, and the smaller sized 
plants giving results which have hitherto been thought impossible, 
thus enabling them to compare favourably for power, efficiency, and 
upkeep with machines using chemical agents. Cole’s Patent “ Arctic ’’ 
Cold- Air Machine, which will be fqund illustrated and described in 
this chapter, is of the most recent type, and embodies some important 
improvements ; the chief amongst these being that all moisture is auto- 
matically extracted from the compressed air before expansion, thus 
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obviating the difficulties that were experienced in earlier machines 
of this class in the valves becoming clogged with frozen moisture. 
Figures are given on page 244 showing the results of tests taken by 
the author from the “Arctic” machines as against those of earlier 
types ; but in addition to the better results obtained in power and 
efficiency, the freedom from snow and moisture is the great considera- 
tion in the preservation of comestibles. 

The advantages of cold-air machines are : — First, that no chemicals 
of any description are required, consequtmtly their employment is not 
attended by constant dangers from possible explosions and fires, or 
loss of life through the accidental escape of deadly gases. Very low 
temperatures can be rapidly obtained by their use. Their construction 
is comparatively simple, and their application is easy. The entire 
machine is situated externally to the chamber oi’ store being refriger- 
ated, and every part thereof is consequently accessible at all times. 

A matter of the greatest importance with cold air machines was to 
ascertain to what degree any water that might be present, either in 
the form of steam or mist, or of actual liquid, might affect the heating 
or cooling of air, and alter the working of the machine, besides the 
formation of snow and ice, which unavoidably resulted therefrom, and 
which was a most objectionable feature in early machines. 

On this head Mr Lightfoot observes : * “ The important fact to be 
noted in this investigation is, that air at constant pressure, having free 
access to water, will hold a different quantity of water in solution or 
steam at each different temperature ; or conversely the temperature of 
the ‘ dew 'point ’ for any body of air varies with each quantity of water 
held in solution by it. The hotter the air, the more water can be held 
without depositing. (See table on page 573.) 

“ Thus, if air is highly heated by compression, and water is then 
admitted to it, in the form of spray or injection, it will take up much 
more water before becoming saturated than it could have held before 
it was thus heated. Again, if air under compression and saturated^ 
with vapour is allowed to expand, a large quantity of such vapour will 
condense and freeze into snow, thereby giving up a llarge quantity of 
heat .to the air, which air is, in consequence, cooled less than it would 
have been had it been dry air to start with. This freezing is also a 
serious practical evil, from the. deposition of ice about the valves and 
in the air passages, which necessitates frequent stoppages even in small 
machines. ... 

“Various means have been devised for ridding the air ^ more or 
* Proceedings, Institution of Mechanical Engineers, 1881. 
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less completely of its contained moisture by employing some chemical 
material, such as chloride of calcium or sulphuric acid, which is a 
powerful absorbent of water. But, in the author’s opinion, the use of 
such chemicals as are known to him is inadmissible, except perhaps 
for small machines, or for those woi*king under special conditions, 
because of the trouble which would be experienced in changing the 
material and evaporating off the water absorbed, so as to render it 
again fit for use.” 

In a subsequent paper * the following particulars are given by the 
same authority as the result of his very extensive experience in the 
working of machines of this class : — “ The amount of aqueous vapour 
present in the atmosphere varies from that required to produce satura- 
tion down to about one-fifth of that quantity. At any given tempera- 
ture a volume of saturated air can contain only one definite amount 
of vapour in solution ; and if from any cause additional moisture be 
pi’esent, it cannot exist as vapour, but appears as water in the form 
of fog or mist. The temperature of saturation, or dew point, varies 
acccr-iing to the quantity of vapour in solution ; the smaller the 
quantity, the lower being the dew point. The capacity of air for 
holding moisture is also affected by pressure, a diminution in volume 
under constant temperature reducing this capacity in direct proportion. 

“ In the former paper reference was made to various means that 
had been devised for ridding the air more or less completely of its 
contained moisture, in order to obviate as much as possible the 
practical evils resulting from its condensation and freezing; this 
being at the time considered one of the most important points in the 
construction of cold air machinery. Since then, however, experience 
has demonstrated that these evils were much exaggerated, and that 
the condensation of the vapour and deposition of the moisture in the 
ordinary cooling piocess after compression, which is common to every 
rold-air machine, are amply suflScient to prevent any serious deposition 
of ice about the valves and in the air passages : provided, firstly, that 
these .valves and passages are well proportioned ; and, secondly, that 
proper meaffs are adopted for obtaining in the coolers a deposition 
of the condensed vapour, which would otherwise pass with the air 
into the expan M<jn cylinder in the form of fog, and become converted 
into ice. 

“Reference to the table (page 573) shows that, if the compressed 
air be thoroughly deprived of its mechanically suspended moisture, 
the amount of vapour entering the expansion cylinder is extremely 
* Proceedings, Instilute of Mechanical Engineers, pp. 225, 226 ; 1886, 
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small. Another- inattei’ from which the mystery has now been dis- 
pelled is the meaning of the term ‘dry’ air, so much used by the 
maker’s of cold-air machinery ; this being a point that was just touched 
upon towards the close of tire discussion upon the previous paper. 
No doubt it is still to a grfiat extent popularly supposed that, unless 
the air be subjected in the machine to some special drying process, it 
will be delivered from the expansion cylinder* in a moist or damp state, 
and in consequence be unfitted for use in the preservation of perishable 
food and for other purposes. But no such state could really exist; 
for whether the air be specially ‘dried’ or not, its humidity when 
delivered from the expansion cylinder is precisely the same, so long 
as its ternperatur’e and pr*essur’e remain the same, inasmuch as in 
practice it is always in a saturated condition for that pr(;ssure and 
temperature. The difference lies in the amount of ice formed, which 
of course is greater if the amount of moisture entering the expansion 
cylinder is greater ; but this quantity, it has been already stated, may, 
in the author’s opinion, be brought down within perfectly convenient 
limits by a proper construction of the cooling vessels. In his latest 
machines, therefore, all special drying apparatus has been dispensed 
with, the air being simply compressed, passed through a sui’tyce cooler, 
and expanded back to atmospheric pressure.” 

The invention of the coid-air machine is ascribed to Gorrio, who 
is said to have designed the first machine of this class in 1849. In 
Gorrie’s machine the cooling water is injected into the compression 
cylinder, and brine to be refrigerated or cooled into a jacket surround- 
ing an expansion cylinder. His apparatus consists essentially of a 
double-action pump or compressor, a cooler connected with a com- 
pressed air vessel or reservoir, and a jacketed auxiliaiy pump. The 
operation of the piachine is as follows : — Water is injected into the 
compressor cylinder at each stroke, on the side of the piston on which 
condensation or compression is taking place. The compressed air is 
then Jed through a worm or coil in the cooler to the compressed air 
Vessel or reservoir, from whence it is admitted to the auxiliary*pump, 
which latter is driven by the expansion thereof. Through the jacket sur- 
rounding this auxiliary pump a circulation of brine or other non-con - 
gealable fluid is maintained, which brine is cooled by the expansion of 
the air in the pump cylinder, and which in turn reduces the temperature 
of an ice-making tank situated above the latter to the requisite degree. 

Imperfect cooling of the air after compression, combined with the 
dtimp condition of the air, caused the, failure of this machine * to act 
in a satisfactory manner. 
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The next was mado by Dr Alexander Kirk in 1863. Dr 

Kirk^s machine has three cylinders, viz., one for compressing tlie air 
and two for the expansion tliereof, all three of winch have reciprocat- 
ing motion imparted to their pistons by a single crank. One of the 
expansion cylinders is connected to each end of the compressor, thus 
actually forming two distinct systems. The pistons of the expansion 
cylinders are hollow and are perforated by a number of small holes, 
and fitted internally with filters consisting of several layers of very 
fine wire gauze, the reciprocating action of the pistons alternately 
Clausing air to pass through these perforations and filters, and drawing 
back the air. 

The operation of the machine is as follows : — The air is compressed 
between the piston of the compressor, during its sti'oke in one direction, 
and one of the expansion cylinct'r pistons, the heat of compression 
being carried off by a suitable water jacket provided round the expansion 
cylinder. On the descent of the expansion piston the air passes through 
the perforations, parting with some more of its heat whilst traversing 
the >heets or layers of wire gauze, and finally expanding in the upper 
portion of the cylinder an.1 perfouning work upon the descending piston. 
The cold %ir is caused to abstnict heat from brine which circulates 
I'ound the top cover of the expansion cylinder, and through a number 
of hollow corrugations. The operation of the second oi other expansion 
cylinder which is connected to the opposite end of the compression 
cylinder is, of course, identical. This machine can be worked up to a 
pressure of 200 lbs. per square inch, and a temperatdre of -39° Fahr. 
has been obtained, 

Tn 1869 a cold-air machine adapted to compress air in stages was 
invented by Marchant. In his apparatus the air passes first into one 
cylinder, wherein it is compressed, and is then exhausted into another 
cylinder of smaller dimensions in which it is still further compressed. 

Giffard’s first (1873) machine is so arranged that the air mingles in 
the compression cylinder with sprayed water, which becomes vaporised 
by the heat pf compression, and renders the heat latent. The discharge 
valve from the expansion cylinder is heated in the piston, and is so ad- 
justed that it wiO open automatically upon the pressure in the cylinder 
falling below a predetermined point, the air then passing through to 
the other side of the piston, and afterwards to the refrigerator. 

In the same year (1873) Postle designed a machine which was 
practically a modification of Kirk’s cold-air machine. As in the latter 
the compression cylinder is connected at each end to an expansion, 
cylinder, but the pistons of the expansion cylinders, which are each 
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composed of* an upper part of smaller diameter atid a lower part of 
larger diameter, are so arranged that when the compi*essor piston 
starts upon its stroke in either direction the valve connected with 
that end of the compressor is forced upon its inner seat, and the air 
pressure moves that particular expansion piston to the inner end of 
its cylinder, the valve being opened outwardly, however, before the 
end of its stroke by its projecting spindle striking against the inner 
cylinder end, and the latter part of the compression taking place in 
a small space cooled by a water jacket, and wlierein the heat of 
compression is carried oft'. Upon tlie reverse stroke of the piston 
the valve is raised against its outer seat by the current of air passing 
through the circumscribed passage around it, and a partial vacuum 
having been formed above the small portion of the expansion piston, 
the latter is moved outwardly by the unbalanced pressure in the 
expansion cylinder, the cooled compressed air passing through the 
piston to the inner portion of the cylinder. 

Similarly, however, to the action on the inward, the valve is opened 
before the end of the outward stroke of the piston by the other 
extremity of its spindle coining in contact with the top of the (^ylindiT, 
but this time outwardly, and the air in the inner porti(3n is thus 
expanded, and at the same time performs work on the compressor 
piston. The air reduced in temperature during expansion cools brine 
circulating through a jacket which also forms the inner cylinder head 
of both expansion cylinders, the latter being placed end to end. 

The great improvement in this machine is that the bulk of the 
compression is performed during the period wherein the compressor is 
in connection with the water-cooled spaces, and most of the expansion 
whilst th6 compressor is exhausting from the spaces in contact with 
the brine circulation. 

A very decided advance was next made by Windhausen, for whose 
improved cold-air machine a German patent was granted about this 
time. The characteristic feature of his apparatus is the irpproved 
method by which the air that had become heated by compression 
is first cooled in a series of condensers or coolers Ty means of a 
circulation of cold water, and is then passed into a chamber where 
expansion or dilation takes place behind a piston. That is to say, 
.in point of fact expansion is effected by the simultaneous action of 
the machine before the air is utilised for refrigerating purposes. 

The original Windhausen cold-air apparatus is shown in plan and 
side elevation, Figs. 123 and 124, by which the principle* of the 
machine is sufficiently clearly illustrated to render an extended descrip- 
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tion theret)f iinnece,ssary. On the ihviwini^ \ indicates the conipresibion 
cylinder, b the expansion cylinder, c the steam engine or other motor 
for operating the machine, and n, d^, T)“, tlu^ condensers or c(K)lers 
through which a constant current of cold water is maintained for 



cooling purposes. The cylinders a and b are arranged tandem fashion, 
and are worked simultaneously from the engine crankshaft K, through 
the crank e\ and connecting rod F. 

The air enters the compression cylinder A through the inlet a', as 
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indicated by the arrowH, and after compression the current passes 
through the pipe to the first condenser or cooler d, from which it is 



conducted successively to the coolers d^, and from the latter to the 
expansion cylinder b, as shown by the arrows. 

' Within the coolers or condensers D, are arranged a aeries 

of pipes through which the blast passes, and around which a constant 
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circulation of cf)ld water* is kept up, the latter entering? the cooler 
at a suitable inlet, and flowing through tlu' coolers in the opposite 
direction to the compressed air. A portion of the heat that has Ireen 
imparted by compression is thus (ixtracted, and the compressed air, 
which is at a temperature only a few degrees above that of its natural 
state, is led into the expansion cylinder n, wherein the expansion is 
effected under a gradually decreasing pressure, which latter is auto- 
matically regulatefl by valves operated by the simple expansive force 
of the comprr^ssed air itself. 

Were the air to bo dilated to its normal volume it is clear that an 
amount of heat equal to that which has been abstracted or taken up 
by the cold water in the coolers would be required ; as this, however, 
can bo only partially returned by the small volume of air within the 
expansion cylinder, a low degree of temperature is immediately obtained, 
which is more and more reduced with each stroke of the compressor, as 
thj original air in the expansion cylind(;r is rc^placed by the cooled 
corapress(^d air. 

From the compression cylinder b the air is conducted to the space 
to be cooled, escaping with a velocity sufficient to admit of the current 
being coy (dieted for ft. through a channel 2 ft. in diameter, the 
temperature at the orifice of the latter being from - 30" to - 35" 
Fall!*., or from 62" to 67° of frost. It has not l>een found advisable, 
however, in practice, to employ a conduit of this excessive length. 

In the apparatus shown the dimensions of the compression cylinder 
are such that at each stroke of the piston 35 cub. ft. of air, and at 
every complete revolution of the engine 70 cub. ft. of air, are com- 
pressed, being reduced to the exftmt of from two and a half volumes to 
one volume, or to a pressure of 35 lbs. per square inch ; thus, at a 
speed of thirty-.six revolutions per minute, over 150,000 cub. ft. of 
air will be compr(\S8od per hour. 

From actual experiments it was found that with the air entering 
the compression cylinder at a temperature of 80" Fahr., it rose after 
compression to 205", thus giving a gain of 125°, inasmuch as this 
acquired fleat is subsequently got rid of in the condensers or coolers 
and expansion cylinder ; and an atmosphere is thus obtained which, 
whilst lindci a tension of two and a half atmospheres, is almost at the 
same temperature as the air previous to treatment, the expansive force, 
and effect, of a volume two and a half times larger being at the same 
time retained. 

Fig. 125 is a vertical central section illustrating a modified arrange- 
ment of Windhau.sen’s cold-air machine, wherein a single cylinder' is 
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used for coiuprcHsion and expansion, the air being condensed or com- 
pressed at one side of the piston, and expanded on the other. Two 
coolers are provided, situated in the bed of the machine, one of which 
is cooled by a circulation of cold water, and the other by the expansion 
of the compressed air. The refrigerator is situated above the compress- 
ing and expansion cylinder, and receives the expanding air from the 
expansion side of the cylinder through a temperature regulator. 

In the drawing a is the compn^ssion side of the cylinder, and n is 
the expansion side thereof ; c is the piston, which is formed hollow and 
filled with non-conducting material ; i) is the cooler, through which 
a circulation of cold water is kept constantly flowing, and which is 
connected to the compression side a of the cylinder through the pipe 
or tube and valvii d'^, and k is tlie second cooler, which is connected 



Fig. 12/). — Modified Form of Windhausen Cold- Air Macliino. 
Vertical Central Section. 


to the first cooler d, and to which a certain amount of the expanding 
compressed air from ,the expan.sion side of the pump is admitted for 
cooling purposes. The tubes in both the coolers d and e, through 
which the compressed air passes from the compression side a of the 
cylinder,, communicate through the pipe or tube e^ and valve with 
the expansion side b thereof. 

F is the ice-making tank or refrigerator, and g, g are the ice cans or 
cases. The ice making tank f consists of a double-cased rectangular 
wooden box or vessel, the spaces between the outer and inner cases of 
which are filled or packed with loose cotton, or other suitable non- 
conductor of heat. The cover, whidi is formed of a single thickness 
of wood, is pierced with holes in which are fixed metallic cases or 
pockets for receiving the ice cans g. p^, p^ are zigzag partitipns 
arranged between the rows of ice cans, so as to cause the air to come 
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fully into contact with the metallic cases or pockets supporting them. 
H is an india-rubber bag, which acts to maintain a uniform pressure 
within the ice-making tank or refrigerator f, by admitting or giving 
out air in accordance as to whether the pressure happens to be above 
or below that of the atmosphere, i is a valve wliich is open during 
the entire compressing stroke of the piston c, and which communicates 
through a suitable pipe or tube with the temperature regulator, from 
which a portion of the expanding air passes to the ice-making tank 
or refrigerator through a tube communicating therewith through the 
aperture F-, tlie remainder being delivered through another pipe or 
tube to the space round the compressed air tubes in the cooler E, 
through the apertuie or ori fuHj e'^, with which latter space the ice- 
making tank or refrigerator is likewise connected through a suitable 
pipe or tube, and the apertures F'\ 

The temperature regulator ana pipes or connections are situated at 
the i*ear of the apparatus, ami arc not sliown in the drawing. The 
compression side a of the cylinder is also connected with, and derives 
its mpply of air from, the expanded air space in the coolei’ e through 
a suitable pipe opening into the latter at e'’, and communicating with 
the fonder through the valve k. 

The operation of the apparatus is as follows, that is to say : The 
piston c, during its forward or compression stroke, compresses the 
air contained in the compression side a of the pump cylinder, and under 
the pressure of this air the valve opens, and the latter passes 
through tlie pipe or tube to the water-cooled tubes of the first cooler 
I), from winch it then passes to the air-cooled tubes of the second 
cooler e. The cool compressed an- next flows into the pipe or tube E^, 
and is admitted through the valve E^ to the expansion side b of the 
pump cylinder during a portion of the stroke, when the valve e^ is closed, 
and th air expands in the chamber B during the remainder of the stroke. 
The cooled and expanded air flows out of the expansion chamber B 
through the valve i, during the entire return or back-stroke of the 
piston c, to the temperature regulator, from whence a portion of it 
passes to the ice-making tank or refrigerator F, and the remainder to 
tliC space round the compressed air tubes in the second cooler E. On 
the return o back-stroke of the piston c, the air in the space round the 
tubes in the second cooler E is drawn or sucked into the compression 
chamber a through the inlet valve k. 

The improvements introduced into cold-air machines in 1877 by 
Bell-Coleman added Very considerably to their practical value. This 
invention comprises suitable means for cooling the air, both in and as 
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it leaves the compressor, by spray or jets of water, and also for drying 
it again before it is passed into the expansion cylinder. The latter 
object is effected by causing it to flow through a set of coils, or pipes, 
situated in the chamber cooled by the machine ; or by providing for 
exposing these pipes to a current of the used or spent air passing out 
from the chamber. 

On leaving the compressor the moist air is first passed through 
a chamber with perforated diaphragms, and is then conducted to the 
expansion cylinder through coils or pipes which liave a very extended 
surface, and are cooled on the exterior to a lower t-emperature than 
that of the cooling water, thus still further reducing the temperature 
of the air, and inducing a deposition of moisture. 

A great objection to this .system of cooling by internal injection 
is the loss occasioned by the saturated condition in which the air, 
even when employed continuously over and over again, is constantly 
deUvered to the machine. 

\ In 1877 Giffard also greatly improved his (1873) machine, and 
brought it to the form shown in Fig. 126. In the drawing (which 
illustrates the apparatus in side elevation, some of the parts being 
shown in vertical central section) a indicates the compre«sioni»cylinder 
and B the expansion cylinder, which are both of the single-acting type, 
and open at their upper ends ; c is the condenser or cooler. The inlet 
and outlet valves to the expansion cylinder b, as also the inlet valve 
to the compression cylinder, which, as shown in the drawing, are 
situated in the lower ends to these cylinders, are actuated through 
cams upon the shaft of the machine. The outlet valve from the com- 
pression cylinder a governs the delivery of the compressed air to the 
lower end of the condenser or cooler c, wherein, after passing through 
top and bottom cha^nbers or spaces and a central series or set of 
vertical water-cooled tubes, it is delivered through a suitable pipe to 
the inlet valve of the expansion cylinder, from which latter, after 
doing work upon the expansion piston, during its upward stroke, it is 
discharged during its return or downw^ard stroke through the outlet 
, valve (shown on the right-hand side) and led away through a suitable 
pipe to perform its cooling office where desired. The compression 
“ cylinder a is jacketed, and the heat generated during compression 
removed as far as possible by a circulation of cold water. 

In operation the air which enters the compression cylinder a 
through the inlet valve (shown on the right-hand side) is first comr, 
pressed up to the normal pressure existing in the condenser or coOle^- 
€, 5^hen the outlet valve lifts and admits of its being passed into the 
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latter, wherein it is cooled and dried by contact with the water-cooled 
tubes. The valve regulating the admission of compressed air to the 
expansion cylinder b is so arranged that it will admit to the latter an 



amount of air equal to that which is being forced into the condenser 
or cooler c during the downward or compression stroke of the com- 
pressor piston, thus tending to maintain an equality of pressure in the 
condenser. The pistons are thus constantly moving in opposite direo 
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}ions, that of the expansion cylinder being, however, a quarter stroke 
n advance of that of the compressor. During the upward stroke of 
jhe expansion piston, the inlet valve from the condenser or cooler c 
shown on the left-hand side) remains closed, the expanding air per- 
forming a portion of the work of driving the machine ; whilst on the 
lown stroke the outlet or exhaust valve (shown on the right-hand side) 
)pens, so as to admit of the cooled air passing through the discharge 
)ipe, by which it is led away, as above mentioned, to perform its cooi- 
ng or refrigerating office where required. 

A form of cold-air machine was designed by Hargreaves and Inglis 
n 1878, wherein they dispensed with the use of separate compression 
Liid expansion cylinders, employing instead a single cylinder having 
wo pistons connected by means of a trunk. The inlet and outlet 
''alves, which are of the Corliss pattern, are arranged to be operated 
lirough suitable eccentrics on the main shaft of the machine. 

In Tuttle and Lugo’s machine the air is forced after compression 
hrpugh a set or series of tubes in a cylindrical or tubular chamber or 
vessel, which is cooled by a constant circulation of cold water, and 
hrough a similar set of tubes in a chamber' or vessel, wherein the 
fitter are surrounded by a volatile liquid. After leaving this second 
essel the air is allowed to expand into the refrigerator or ice-making 
ank, rising through some such volatile liquid as ether or bisulphide of 
arbon, which is placed in the bottom of the latter, and the air and 
he vapour from the volatile liquid fill the interior of the refrigerating 
hamber surrounding the ice cans or cases, and freeze or congeal the 
v^ater therein. A by-pass is also provided through which the com- 
fressed air can be conducted direct to the ice-making tank or refrigerator. 

Lugo and M‘Pherson’s apparatus comprises a blower, the air from 
;^hich is forced through a cooler consisting of a chamber filled with 
ome suitable porous material kept saturated with water. The cooled 
jr is then passed into a compressor, the upper part of which is kept 
ull of water, which serves to keep it cool and also to prevent leakage 
if the air past the piston. From the compressor the air is led to U 
ooler, and from this to a compressed air reservoir or vessel, from 
k^hich latter it is in turn admitted to, and allowed to expand in, the 
nterior of a large ice-making tank or chamber, having non-conducting 
mils and rails for cars carrying the ice cans or cases. Tlie piston of 
he compressor is worked by La Hire’s" epicycloidal device. 

Hick Hargreaves’ machine is of the double-acting horizontal type, 
;^ater being injected into the compressor at each stroke for cooling 
lurposes. After compression it is passed through a series of receivers 
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wherein the watery particles carried over are deposited, after which 
it flows into the expansion cylinder, in which it is expanded down 
to the pressure of the atmosphere. Corliss cut-off gear is fitted to 
the inlet valves of the expansion cylinder. A large snow-box is provided 
in the air-trunk, fitted with baffle or check plates for arresting the 
snow, which, as the air enters the expansion cylinder fully saturated 
with moisture for its temperature and pressure, becomes rapidly filled 
with snow, and requires to be frequently cleared out. 

Stevenson’s cold-air machine is also of the horizontal pattern, 
the compression, expansion, and steam cylinders having their pistons 
coupled to a single crankshaft. The compression and expansion 
cylinders are single-acting, and are arranged to^ face each other, 
their pistons being coupled by means of T-headed rods, which form 
vertical guide bars, between which is arrangecl to slide a motion 
block driven by the crankshaft, and thus to impart the requisite 
reciprocating motion. The st^-am engine is either single-acting and 
of the trunk type, or of the simple high-pressure, condensing, 01 
compound type. 

^litu^geon’s horizontal pattern machine is so constructed that the 
compnvssed air is delivered into a cooler formed of sets of tube* 
surrounded by a circulation of cooling water, whereby it^ temperature 
is partially reduced, and it is afterwards caused to pass througli 
some absorbent material, such os charcoal, before admission into the 
expansion cylinder. 

Tn ltS80 Haslam (Sir Alfred Seale Hoslam) brought out a cold-aii 
machine of the type usually known as dry air refrigerators, whict 
comprises certadi very important improvements on the Bell-Colemar 
type of machine, and wliicli had the effect of rendering it one of, i: 
not the most successful machines of this class hitherto designed. 

Figs. 127, 128, and 129 are perspective views illustrating three 
different coM-air machines of the Haslam type. 

That shown in Fig. 127 is of the horizontal pattern, and is mad< 
in sizes adapted to deliver from 20,000 to 30,000 ft. of air per hour 
Compound duplicated horizontal machines of heavier build are, how 
ever, also conStructixJ, in sizes adapted to deliver from 35,000 t< 
300,000 ft. of air per hour. The apparatus is driven by a compounc 
condensing engine, and this, together with the air compressing aiK 
expansion cylinders, and the requisite water-pumps, are all mountec 
upon a cast-iron bed frame, of *box section, cored out to receive tb< 
air-cooler, engine, surface condenser, and air pump. This combinatioi 
of the condenser casing with the refrigerp-tor forms a foundation fo| 

15 
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the bed plate of the steam engine. The feed-pumps are bolted on to 
tlie side of the bed, and are driven from an overhead rooking shaft, 
which likewise works the air-pump. Variable' cut-off gear is fitted 
to both the steam cylinder and the air-expansion cylinder, and the 
pistons of botli tlie compressor- and expansion cylinders are directly 
coupled to tail rods from the steam cylindtu* pistons, lly locating the 
inlet and outlet valves in the cylinder covers tliey are i-endered very 
easy to get at for repairs and otlier purposes. The height of this 
machine is such as to admit of its being conveniently placunl “between 
decks” of steamers. 

The patent diagonal pattern machine (Fig. 128) is made of smaller 
sizes, viz., to deliver from 10,000 to 12,000 cul). ft of air per hour, 
and wlior(5 a machine of still smaller capacity is required, one of the 
\ertica.l pattern, such as that shown in Fig. 129, is })referably used, 
the latter machines being constructed of siz(‘s to (h'livei- fr-orn 2,000 to 
0,000 cub. ft. per hour. In the diagonal pattern machine the com- 
pound high and low pressure steam ^'vlinders, and the air-compressor 
(;ylinder, are lUacc'd on the top of the bed, the air-expansion cylinder 
is located at the end, and the water, air, and fet'd pumps art; bolted 
to the side thereof. 

'llie led is. as will bt' seen from the illu8tralit)n, of massive box 
section, a.nd is suitably cored out to receive the water-cooler tubes, the 
condenser tubes, and the pat-ent drying })ipes, and it likewise supports 
the main crankshaft bearings. Tlie condenser tulws are fixed in 
position by means of screwed ferrules, and the air-cooler tubes and 
drying pipes are secured in tube plates by expantling the ends in the 
usual manner. The several tube plates an; provided with covers 
having ribs arranged hu- llu' proper < irculation of air and water. As 
will be seen, the machine is peculiarly compact aad self-contained, and 
the airimmp is arranged vertically, and is worked through a T-bob 
from an ec -cntric on ilu; crankshaft. 

The type of machine illustrated in Fig. 1 29 occupies but little floor- 
space, and its height allows of its location “ Ix^tween ” decks of small 
steamers and yachts. The steam cylinder, air-compression cylinder, 
and eypansion^cylinder are mounted vertically upon cast-iron standards, 
which latter are securely bolted to a cast-iron bed of hollow box section, 
supporting ihe f-riink shaft bearings and containing the air-cooler, and 
the water-pump is bolted to the base plate and Avorked vertically from 
a crosshead pin. 

The crank shaft, valve rods, and connecting rods, are of mild forged 
steel, and the slides are of the open type and easily accessible. A 
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Fig. 1’28. — Haslara Cold- Air Machine. Diagonal Pattern. 
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portion of one of the cast-iron standards is made loose so as to admit 
of the crank b*'hig readily removed when desired. 



Fig. 129. —Haslam Cold-Air Machine. Vertical Pattern. 


The above machines all ha^e double-acting cylinders. The com- 
pressors are either of the water injection type, or of the dry type and 
water-jacketed, discharging into the surface coolers in the beds. When 
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a compressor of the first or water-injection type is employed, the above- 
mentioned coohir is dispensed with, and a separate water tower is pro- 
vided. After being cooled in the ordinary way by water, the tempera- 
ture of the compressed air is still further reduced by passing it through 
an interchanger, wherein it is subjected to the cooling action of either 
the spent cold air leaving the enclosed space or chamber where it has 
been used for cooling purposes, or else of tlie cold air as it passes out 
of the expansion cylinder. In the first instance separate boxes con- 
taining the drying pip(‘s are provided inside the cold chamber, in the 
second case the device is fitted in the forepart of tlui bed of the machine!; 
the advantage derived from both theses airangements is that a furthesr 
condensation and d(‘position of moisture are thereby effected. The 
exhaust valves of tl)e expansion cylinder an; separate from tlu' ad- 
mission valves, and they are so designed as to afford as few obstacles 
to the free passage of the; aij- th(;re-through as practicable. Marine 
types of cold-air machines made by this firm will be found described 
^nd illustrated in the chapter on Marine Refrigeration. 

In the same; year (1880) Lightfoot introduced an imi)r()ved machine, 
wherein the expansion is performed in two stag(;s. The advantage of 
this arrangement is that during the first stage of expansion the air 
can be made to dej)osit most of its moisture', after which the dry 
air is furthc'r expanded until it attains the recjuir(;d temperature and 
jjressure. 

The operation of Lightfoot’s machine is as follows : — The compressed 
air, which is partially cooled, and which when direct atmospheric air 
is employed, is always in a condition of saturation corresponding to its 
temperature and pressure, is first passed into a small primary expansion 
cylinder, wherein it is expanded beneath a piston to a pressure that 
wiU give a final temperature of about 35“ Fahr. By this means almost 
the whole of the vapour held in suspension in the air is condensed, 
and in tlie form of mist is discharged, together with the air, into a 
separator, upon the surfaces of which the mist is deposited in the form 
of water, and, falling to the bottom, is drawn off. From this separfitor 
the dried air, which is still at a considerable pressure, is conducted to 
the second expansion cylinder, in which latter it is expanded down 
to the pressure of the atmosphere, and pas.sed out cold and practically 
freed from moisture. 

The following table* gives the calculated relative amounts of 
vapour condensed and deposited in the various stages of cooling, with 
a machine on the Lightfoot system, capable of delivering 15,000 
* Proctedinijgf Iiistitution of Mechanical Engineered 1881. 
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cub. ft. of coobxl air per hour, and dealing with air in a tropical 
climate, having an initial temperature of 90“ Fahr., and fully saturated 
with vapour : — 


^J’otal amount of vapour entering with the air - 

LI). 

J’er hour. 

4r)-3(5 

Per cent. 
100-00 

l)e])08ite(l as water in tla* cooler 

IVM'A 


74-10 

l)(iposited as water after first expansion 



20-40 

Discharged as ice in eooleil air - - - . 

Balance, henig ri^sidual vapour still existing in 
cooled an - 

o-9;i 

43-80 

1 -fiO 

2- 05 

3- 45 


Fig. 1,‘10 is a vertical central secdioii through the ah* compression 
and expansion cylinders and the valves of one of the Lightfoot pattern 
of cold-air machines, which may b(^ classed amongst those which have 
afforded satisfactory results, as far at least as the cold-air system is 
concerned. .\ is the compr(."s<»r which is of the double-acting type; 
and n is the ^^xpansion cylindei, vhich is of the single acting type. 

'fhe cylind(U‘s a and n, which are arrangiMl tandem style or fashion, 
and ].ci\’e a (•ommon piston rod, are placed close togethei’, sufficient 
clearjjnce being left, howc er, to permit of the inspection or examina- 
tion of th(' i^'stons being convenienf.ly effected. An advantage of this 
arrangement is that the coldest portion of the expansion cylinder is 
places! at a distance fi*om the hottest end of the compressor. 

1^h(* air- valves are circular slides formed of phosphor bronze, and 
ar(^ operated by eccentrics in the ordinary manner. The advantages 
claimed for this type of valve are, that they admit of the parts being 
formed veuy sliort and direct, are perfectly noiseless in action, and 
allow of a high piston speed being osod without any injurious results. 
They are said to have* betui found to work very satisfactorily, and to 
have gi\(n no trouble as regards wear, even when in almost constant 
use for some years. 

The coolers consist of a pair of iron vessels fitted with sets or 
clusters of solid drawn Muntz-metal tubes J in. external diameter. 
Through thesp tub. s and the compressor jacket cold water is constantly 
cinmiated for cooling purposes in an opposite direction to that taken 
by the compresses I air, by means of a force-pump driven off the crank- 
shaft. Any water that may become deposited from the air by con- 
densation in the coolers is blown off through suitable drain cocks. 

After passing through both the coolers the compressed air is 
reduced in temperature to within some 5' or 6“ of the initial tem- 
perature of the cooling water; the amount of the latter that is 
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required being usually fi'om 30 to 40 gals, for every thousand cubic 
feet of cold air discharged, or some three or four times the weight of 
the i air. From the second cooler the cooled compressed air is con-. 



ducted to the expansion cylinder B, where it performs work upon the 
.piston, and so returns some 60 per cent, of the power that has been 
, expended in its compression, and is then exhausted at a temperatui^ 
Vbl from - 70° to ~ 90° Fahr., or lb2° to 122° of frost. ' 
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The steam engine is either of the high pressure or of the condensing 
type ; in the latter case the jet or surface condenser is placed below 
the cylinder, which is overhung from strong brack(‘tH on the bed-plate, 
and the air-pump is operated from a continuation of the piston rod. 
It will be seen that this arrangement admits of a condensing engine 
being employed without occupying any additional space, or it allows 
of the engine being compounded by the addition of a second cylinder 
tandem fashion, in which cas(‘ the condenser is preferably located 
below the high-pressure cylinder, and the air-pump is driven off a 
crankpin in the Hy-wlicel. When a comlensing eiigirui is used, the 
cooling water, aftrT performing its work in the coolers, is passed to 
the condenser. 



Fig. 181. Lightfoot Single-Acting Cold- Air Machine. 
Sectional Elevation. 


Fig. 131 is a side elevation partly in vertical central section, showing 
the air cylinders of a single-acting Lightfoot cold-air machine. 

Light foot machines of the vertical pattern, with the exception that 
the coolers are cast 111 one piece with the frame, do not differ in con- 
struction to any material degree from those of the horizontal type. 

The Hall cold-air machine, when driven by a steam engine, has 
three double^cti ug cylinders located side by side at the end of a 
suitable bed-plate, one of which is for steam, the second for compres- 
sion, and the third for expansion of the air. The cylinders have the 
usual arrangement of moving parte, that for compressing the air being 
water-jacketed, and the connecting-rods working on cranks on the same 
shaft. The valves for the compVession and expansion cylinders consist 
of main and expansion slides operated from two weigh-lmrs. These 
valves were in some earlier type’s of machines situated on the under 
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side of the cylinders, hut in those of later patterns they are located on 
the top side of the cylinders, whore they are very readily accessible. 
The coolers, which are placed below the bed-plate or frame, are 
arranged fur surface cooling and are of the ordinary multitubular type. 
An interchanger was also sometimes provided with the older types of 
machines, wherein the air that had done duty in the storage or cold 
chambers was utilis(^d for further reducing the temperature of the 
compressed air. In more recent machines, howev(u*, a patented form 
of centrifugal moisture separator has been used for drying the com- 
pnissed air. 



Fig. — Cole’s 

“Arutio” Cold-Air Ma- 
chine, with Auxiliary 
Cooling Arrangement. 
First Pattern. iSectional 


All illustration of one of the most recent 
and improved types of liall cold-air machines 
will be found in the chapter on “Mariiu' 
Refrigeration.” 

The “ Arctic ” cold-air machine is of an 
improved typo, brought out in 1S99 by 
T. tfc W. Cole, Ltd., London. Fig. 132 is a 
sectional elevation, showing one of tlie fii’st 
patterns of machine. In this machine the 
air, after compression in the cylinder and 
water spray cooling, is further cooled by 
pas, sing it through a ve.ssel containing glass 
balls, &c., on trays over which water is 
sprayed. It then passes through an annular 
jacket, and the hollow head ]j of the expan- 
sion cylinder for additional cooling. The 
jacket contains either a spiral partition ii^, 
which may be perforated, or spirally-placed 
baffles. The head l contains positively- 
worked inlet and exhaust valves. The com- 


Elevation. 


pressed air in its passage to the expansion 


cylinder circulates through the circuitous 
passages of the cylinder jacket, and is thereby cooled to a temperature 
of about 32° Fahr. (many degrees lower than the cooling water) before 
entering the expansion cylinder. This low temperature having the effect 
* of depriving the air of all excess of moisture, prevents the clogging of 
ports and passages with snow, which for many years has been the great 
objection to the more general use of most cold-aii’ refrigerating machines 
{vide page 241). In the case of small colci-air machines, this difficulty has 
generally been considered insurmountable, but is claimed to have been 
, overcome in the small machine of 1,250 cub. ft. capacity illustratedi. 
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A later type of machine is shown in Figs. 133 and 134, and in 
Figs. 135 and 13f), the first two being general views of a small and 
a large sized machine, and the others respectively a side elevation, 



Fig. Cole’s “Arctic'’ Ccld-Air Machine, with Air-drying 

Arrangement. Small Size. Belt-driven Type. 


partly in section, and a transvei’se section of expansion cylinder. In 
this arrangement also the compressed air is passed round the expansion 
cylinder, and cooled to some 27 " lower than the availaVde cooling water, 
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134.— Cole’s “ Arctic ” Cold-Air Machine, with Air-drying Arrangement. Large 8ize. Steam-driven Type. 


THE COLD.AIR SYSTEM. 


and thus deprived of most of its 
moisture. This cylinder n is 
jacketed at c, and provided with 
ribs F and partitions G, ii, which 
is arranged to make the air take 
a circuitous course round the 
cylinder and its ends to the 
valve boxes K, and th(^ jacket 
may be extended to include the 
pipe 1 ) leading the expanded air 
to tlie refrigerating chamber. 
The base or bed i for this cylin- 
der also contains partitions oh 
for circulating the air, and it has 
a sloping bottom o with a wator 
seal or valve to remove the con- 
dens(Hl moisture. Before passing 
round the expansion cylinder, 
the air from tlie compressor is 
passed through a chain bei' con- 
taining spheres, Ac., over which 
water trickles, and then through 
a series of tubes to remove some 
t)f the moisture after the pre- 
liminary cooling. The illustra- 
tions show a double-acting ex* 
pansion cylinder, a.s descrilied 
alxive, but the invention is ap- 
plicable to vertical or to single- 
acting cylinders, and the ar- 
rangements of the partitions and 
ribs, and consequently the course 
of the air, may be varied. The 
compression and expansion cylin- 
ders may be mounted on a bed 
containing the cooling arrange- 
ments. 

Figs. 137 and 138 show in- 
dicator diagrams taken respec- 
tively from a double-acting and 
a single-acting expander of an 



Figs. 135 and 136.— -Colo’s “Arctio”Ctold* 
Air Machine, with Air-drying Arrange- 
ment. Side Elevation partly in Section 
and Transvei'sf Section. 
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“ Arctic " cold-air machine. The data connected with thi.s test will 
be found on page 244. 

A cold-air machine, or air compression refrigerating machine, com- 
prising certain novel features, or, to speak more correctly, a novel 
application, is the Allen machine, whicli is known as the “ Allen 
Dense- Air Ice Machine,” made by Frank Allen, Brooklyn, New 
York. 

The Allen Dense- Air Tee Machine is illustrated diagrammatically 
in Fig. 139, and briefly it comprises th(‘ following parts ; -A sti^am 



Fig. Indicator Diagram from Double-Acting Expandtu' of “Arctic” Diy 

Cold-Air Maeliine. (For Data of Test sec page 244.) ^ 



Fig. 138. —Indicator Diagram from Single-Acting Expander of “Arctic” Dry 
Cold-Air Machine. (For Data of Test see page 244.) 


cylinder Q for driving purposes, a compression cylinder R, in which 
the air is compressed to about thre(5 times its primary pressure, 
which cylinder is water- jacketed to prevent injury to the piston 
‘packings from the heat engendered by this compression. A copper 
coil 8, immersed in a water bath, into which coil the compressed air 
is pq-ssed and cooled, or reduced to the temperature of the cooling 
water. A return air-cooler t, by means of which the compressed 
air is. further cooled by the cold air returning from the cold storage 
chamber. An expansion cylinder v, wherein the cooled compressed 
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air is allowed to expand to one-third of the tension of compression, 
that is to say, to its original pressure, on entering the compressor 
cylinder, during which operation it is cooled as much as it was 
previously heated hy the compression, and leaves the cylinder at 
a very low temperature. This cooled air is then discharged into 
a w(‘ll-insulat(‘d pipe, hy means of which it is conveyed to the 
place which it is d(5Hirefl to (;ool. Here tin? pipe service is left 
exposed ; that is to say, it is not insulatcsl, and the (;old air, after 
taking up the heat from th(‘ surrounding math'r, is again returned 


RtTuKN 



to the compi-essor, where it is again subjected to coinpn^ssion, cooled, 
and expanded as before. 

A suitable trap tu- separator, as indicated at v, is also provided 
for {diminatinjj thr lubricating oil used in the cylinder, as well as 
any snow that may be former^ f.om the cold air. The deposits are 
removed from this separator by luxating the latter through a suitable 
steam pipe, and running off the contents through a drain pipe and 
cock, the machine l)eing so arranged that any frozen deposits from 
the expansion cylinder will be, at the same time thawed and blown 
out into the separator. In operation the separator requires blowing 
out once or twice in every twenty-four hours. 
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^ Cooling water for the separator, the copper air-cooling coil bath, 
and the water jacjktit round the compression cylinder, is supplied by 
an Ordinary plunger-pump vv, and a small supplementary air-pump x 
is also provided for charging the system when starting with air up 
to the necessary pressure, and also for making up any losses that 
may occur by reason of leakage through stuthng boxes and joints 
whilst the machine is running. To extract the moisture from this 
fresh supply of air to the system it is passed through a drier or 
separate)]- y, by means of which it is dried as far as practicable before 
entering the machine, z is a safety valve. 

The operation of the apparatus is as follows : — The normal pressure 
of the air in the system is hO lbs. per square inch, and this air is 
compressed in tin? compi’cssor to 210 lbs. per square inch. Should 
it be found impossibk; to keep up these relative pressures of 60 lbs. 
on the suction side and 210 lbs. on the discharge side, it is a sign of 
leakage. The oil trap or separator being choked by congealed oil or 
snow, or the closing of valves will likewise cause a disturbance in the 
pressures. 

It will be seen that the air is in this machine used in a closed 
cycle. The compressed air from the compression cylinder is cooled, 
expanded down to its original pressure of 60 lbs. per square inch 
whilst doing work, and the resultant cold air at a bunperature of 
about 60° ludow zero Pahr. is forced through the n^frigerating or 
cooling pipes, where it takes up the heat from the surrounding objects, 
and is again returned to the compression cylinder to be compressed, 
cooled, and expanded, and so on ad infinitum. 

It is claimed for this machine that by maintaining the air at a 
constant pressure of five atmospheres (60 lbs. gauge pressure) it 
can be conveyed in pipes of comparatively small diameter, and the 
rise of temperature will be slight. No absorbed water vapour has to 
be cooled from the vapour to the frozen condition, and the greater 
efficiency of ^ the dense air or air under pressure enables a very much 
smaller machine to be used* than would be the cose with an ordinary* 
cold- air machine for the same capacity. 

The only additional moving part in the Allen dense-air ice machine 
is*the'small auxiliary or primer pump which is a simple plunger-pump 
of ordinary construction. There are also the closed refrigerating 
pipe system, and the two traps by means of which the lubricating 
I oil and water are removed or eliminated from the air, and the 
latter is maintained in a pure condition whilst passing through the, 
pipes. 
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It will be obvious that the refrigerating or cooling pipes will be 
arranged in the culd storage room or chamber in a similar manner 
to those of any direct expansion ammoTiia plant. As no chemical 
circulating agent or medium is employed, the items of expense com-* 
prise only the steam con|Kfcned in the diLiiig engine or motor, the 
necessary lubricating oil, and the labour of attending to the machine, 
which the makers state are small. 

The etliciency of dense-aii* machines is low, and as compared with 
ammonia comj)ressors, they consume from ten to fifteen times the 
horse-}>owci’. Deiise-air refrigerating machines have l)een used to some 
extent on board warships belonging to tlu^ United States owing to the 
imniunity frojii danger in case of leakage. 

In a paper* on “ Refrigerating Machines,” by Arthur Robert 
dale, (J.K., the author makes the following observations on refrigerat- 
ing jiiachines of the cold-air ty])e : — of the chief difficulties in 
cold-air machines is the presence 'f moisture held in suspension by 
tin; atmosphere ; this applies especially to the open cycle machines. 
Moisture m the air occasions loss of (ffiiciency in two ways. If the 
air entcis the expcinsion cylinder in a saturated condition, when the 
air is cooled by expansion whilst performing work, a certain amount 
of vapour is condensed and thrown down — the point of saturation 
being dependent on the tcmi)eraturt}. The vapour, in changing to the 
liquid stale, gives its latent heat of vaporisation to tlie air ; and as the 
expansion of the air continues, and the temperature is still further 
diminished, the liquid freezes and accumulates in the form of snow and 
ice in the valves and passages, giving up its heat of liquefaction to the 
air. Thus not only does the presence of moisture in the air produce 
uKichanical difficulties, choking the air passages and impeding the 
action of the valves, but, for the same expiuiditure of energy, the cold 
air leaves ll.e juachinc at a higher temperature than would have been 
the case if there had not been a superabundance of moisture in the 
air during expansion. 

“ As the cold-air machine is the direct reverse of the heat-engine, 
so also its conditions of greatest elticiency differ from those of the 
latter. The maximum theoretical efficiency of a refrigerating machine 
may be expressed by the formula — 

Ha T 
E “Tc-T’ 

* Minuter of Procf'^'diiigs, Imt. C.K, vol. cxviii., SesHioii 1893-94, pp. 421 
422. 

16 
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where E is the thermal equivalent of the work of compression, 

Ha denotes heat-units abstracted by the system, 

Tc denotes absolute temperature at which rejection of heat 
takes place, 

T denotes absolute temperature at which absorption of heat 
takes place. 

From the above it follows that — 


E = Ha 


Tc-T 


i.e., in any refrigerating machine the greatest eihciency will be obtained 
with a small range of temperature ; the greater the range the smaller 
the efficiency will be, other conditions being equal ; also the efficiency 
is increased as the lowest limit of the range of temperature is raised. 
Thus a machine working between the temperatures of 100" Fahr. and 
O'* Fahr. would, other conditions being unaltered, be moi’e efficient than 
when working between 60" Fahr. and - 40“ Fahr. These remarks 
are applicable to any system of refrigeration, and are not peculiar to 
the cold-air machine.” 

For some time it was very generally supposed that many kinds of 
provisions of a perishable nature were liable to receive damage from 
the snow held in suspension in the cold air from these machines, and 
it was this fear of injurious effects which prompted inventors to design 
those forms of special drying apparatus intended to remedy this defect, 
such as the Bell-Coleman interchanger, wherein the air is dried by 
passing it through a series or set of coils situated in the chamber 
cooled by the machine ; of the improved form of the above designed 
by Haslam, wherein the interchanger is cooled either by the spent 
cold air on its leaving the chamber wherein it has been utilised, or by 
the cold air as it passes out of the expansion cylinder ; the Lightfoot 
machine,* wherein the expansion is performed in two stages ; or of 
HalVs centrifugal moisture separator (or the air-drying arrangement of 
T. & W. Cole). Hence the term dry -air refrigerator.” ^ 

This objection to the cold-air machine arose, however, »from a fault 
the evil effects of which, it has now become evident, have been un- 
doubtedly much exaggerated, as in practice no such damaging results 
to the contents of the stores or chambers are experienced as it was 
suppos^ and predicted would ensue, although of course the snow 
that is formed in the manner above described is an undeniably objec- 
tionable product. If a cold-air machine be worked on the prinpipfe 
of exclusioii of the aqueous vapour, after a few cycles of operatiohs 



THE COLD-AIR SYSTEM. 


243 

the air will have become dry, and will thenceforward work like a true 
gas. 

Owing to their compactness and simplicity, to the non-requirement 
of any chemicals, and to the great facility of application, cold-air 
machines are found to be very suitable for marine installations, and 
for this purpose they are extensively eniploy(‘d. They are also, 
however, in usci to a considerable extent for refrigerating cold 
stores or chambers for the preservation of provisions of a perishable 
nature. 

An objection, howevei, to machines of the Bell-Coleman type, 
wherein the air is partially cooled during compression by the injection 
of cooling water into the compressor, is experienced at sea, by reason 
(^f the corroding action of the salt water, in addition to the loss of 
efficiency common to all machines of this class. Considerable difficulty 
has been experienced in tropical climates, where, with the cooling 
water at about 90" Fahr., the im istu re-laden air would bo delivered 
into the cooling pipes at a temperature of 95* Fahr., or more, and 
the absolute pressure would bo about 65 lbs. per square inch. Now, as 
there is, as Mr Lightfoot observes,* “precisely the same amount of 
dry cold air circulating outside the cooling tubes in a given time 
as there is warm compressed air within, it follows that Viy whatever 
amount the temperature of the internal air is reduced, by an equal 
amount must that of the external air be raised. But, in addition, the 
internal air has vapour mixed with it, which, as the temperature falls, 
gives off heat, measured not only by the reduction in its sensible 
temperature, lot by the latent heat of vaporisation; and this heat 
also has to be taken up by the external air. It will be found that, 
assuming each pound of internal an-, with its proportion of vapour, 
to be reduced to 42” Fahr., the pound of external cold air, which has 
to take up all tlie heat due to this reduction, will be raised in 
temperature by 84” Fahr.” 

This defect is obviated in machines of T. & W. Cole’s “Arctic” 
type, as the air is cooled by their drying arrangement some 25” lower 
than the cooling water. Thus in tropical climates, where the cooling 
water v ould be about 90”, the compressed air would be cooled down 
to 65”, an(i thus bo deprived of a great proportion of its suspended 
moisture before being admitted to the expansion cylinder. 

Instead of using the spent air for cooling purposes, the cold air 
from the expansion cylinder majf be applied direct to the cooling 
apparatus ; but in this case difficulty would be experienced from the 
* ProceedingSt Intitule qf Mechmneal Mnyiimrst 1881. 
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deposited moisture inside the tubes actually freezing from the intense 
cold of the external air, a difficulty which, it appears, has often 
occurred with this apparatus. This, apart from the nnu'e obstruction 
of the pipes, would involve a fuiiher sacrifice of cold, owing to the 
liberation of th(5 heat of liquefaction. 

The following table shows the results of test experiments made 
with modified Giffiird, Haslam, Hell-Coleman, and Cole’s “ Arctic ” 
machines ; — 






Cole's 





“Aic 

tic " ? 


Giff.ird ' 

Haslam j 

^ liell- 
('oleiTiaii t 








No , 

No I 





Sl/e. 

Si/c. , 

Diamtter of compression cyhndei, in ms. 

'^7 

‘Sl (--cy-) 

2?. 

n 

(■){ 

,, expansion ,, ,, 

Stroke of each .... 


192 „ 


9 

si 

i 8 

iO 

2 » 

1 » 


Revolutions per niinute .... 
Air pressure in receiver (absolute), m lbs 

6 i 

7*’ 

t-w 

yt) 

lOt) 

per sq. in. 

Temperature of air entcrui}; compression 

f'5 

64 

61 

65 

75 

cylinder (coniaimuu vapoui up to 88 pei 
cent, of saturation) 

5/ F. 


65J F 

48 

40 

Temperature of an discharyed fioin com- 
pression cylinder . 

267" K 



t 


Temperature of cumpresseti air admitted 






to expatisiori cylinder .... 

70 !■. 

8s” F. 


3 S 


Temperature of an aflei expansion . 

Work done in compicssion cylinder, from 
diagram . . . . - 

Work given off in expansion rylmdei, 
from diagi am . . . . . 

Differenic in work done in toinjrression 
cylinder, and woi k given off in expan- 
sion cylindei . .... 

Diameter of steam cylinders, in ins. . 

., . tiunks in cylinders, in ins. . 

Stroke of trunks ... 

8/ K. 

41 i'.:H P. 

- 32' 

- &i 

i 

-yS 


^•osH.P. 

'5‘o7 

12 

iij 

*5 

55 lbs. 

Initial steam pressure in cylinders (abso- 
lute) per sq. in. . . . 

Work given off in steam cylinders, from 
diagram , . . ' . 

Initial temperature of cooling water. 

24-6 H.P. 
57“ F. 



62 

41 

Final ,, ,, . 

Quantity of cooling water passing per 

145 F. 

i ” 




minute in lbs 

Work "lost in heat taken off by cooling 

9‘25 





water . . . 

10 H.P. 





I. H.P. in compression cylinder 

43’^ 

34^-'4 

124’5 

M'S 

*3-28 

,, in expansion cylindei 

Per cent, of l.H.P, of compression re- 

28-0 

176-2 

SB’S 

7-8 

I -68 

turned in expander .... 

1 

51 

47 

54 

51 


* Proceedings, Institution of MechankoJ Engineers, 1881. 

■* t Proceedings, Manchester Society of Engineers, 1894. 

X Professor Schroeter, “ Untorsuoliitogen an Kaeltemaseliioren verschiedener 
Systeme," 1881. 

§ A. J. Wallis-Tayler, 1902. ' 
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Formula for Calculattno the Amount of Am delivered per 
Hour dy Cold-Air Machines, when the Revolutions and 
THE Size op the Compressors are known. 

This is given as follows by Messrs Ilaslaiii in ilieir catalogue of 
ice-making and refrigerating machinery : — - 

, , 1 A X N X 2R X H X 60 

Air discharged per hour = - x (J. 

1728 

Where A =-- Area of each comj>ressor in inches, 

N — Number of compressors, 

2R = Strokes per minute (or twice the revolutions), 

GO = Minutes per hour, 

S - Stroke in inches, 

1,728 - Cubic inches in 1 ft., 

C ^ I^'actor of {^ffieicuuy which is tak(‘n as *8 for short 
strokes, and *85 for long strokes. 



CHAPTER XI 

COCKS, VALVES, AND PIPE JOINTS AND UNIONS 

Expansion or Regulating Cocks and Valves— Stop-Cocks and Valves— Suction 
and Discharge Valves— Pipe Joints and Unions -Means for Increasing the 
Cooling Surface of Pipes. 

Expansion or Regiiratino Cocks and Valves. 

A NUMBER of (jucks or valves are n'quired on every refrigerating 
.machine, the most important Ixnng, however, tln^ expansion or regu- 
iating cock or valve, or as it is sometimes called, the flash-cock or 
valve, which serves to control the connection Ix'tween the condenser 
and the refrigerator or evaporator. 



g. 140 .--Tap«r Spindle Expansion or Regulating Valv« 
View partly in Vertical Section. 
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Fig. 140 is a view partly in vertical central section, and Fig. 141 
is a vertical central section showing two patterns of a very common 
form of expansion valve of the taper spindle t 3 ^e which are adapted 
for use with manifolds. The construction of these valves is obvious 
from the drawings, the taper spindles and valve boxes or casings are 
made of hardened steel, and whilst extremely simple in construction 
the type is, perhaps, all things considered, about the most effective 
arrangement for g(;n(^ral purposes. 

Figs. 142 and 143 show in vertical central section the ^-in. angle 



Fig. 141 .-— Taper Spindle Expansion or Regulating Valve. 

Vertical Central Section. 

and globe expansion valves employed by the Triumph Ice Machine 
Company. These valves are made of the best machinery steel, and 
are constructed that they can be packed at any time. The drawings 
are self-ej^plauatory, as is also that shown in Fig. 144, representing a 
vertical central section through the Frick expansion valve, which is 
constructed of drop steel forgings. 

Fig. 145 is a plan, Fig. 146 is* a vertical central section, and Fig. 
147 is a view of the plug partly in vertical section through the port or 
way, showing the De La Yergne improved expansion cock. 
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The port Of passage througli the plug (Figs. UG and 147) is so 
tormed as to admit of the nicest regulation lining effected. With thi,s 
ob|oct the round hole i.s not earned completely through the plug, hut 
only through about three-quarters the thieknes.s thereof, as shown in 
Fig. 147, and the remaining thin bridge of metal is perforated in the 
shape of a vejy iiaia-ow wedge as siiowii in Fig. 1 46. 

The piug is rotated by means of a worm and worrn-whee] in the 
manner which can he clearly seen from the drawin^r^ and whereby 



Fig. 142. -Triumph' Angle Ex- 
pansion or Regulating Valve. 
Vertical Central Section. 



Fig. 143. -Triumph Globe Ex- 
pansion or Regulating Valve. 
Vertical Central Section. 


wy fine or delicate adjustment can be readily imparted thereto, 
ihe narrow wedge-shaped passage or aperture allows of the flow of 
the liquid ammonia being regulated to the minutest possible amount 
the pouit or apex thereof being the first to open. 

The stop-cocks or valves described in a patent taken out by Puplett 
and Rigg m 1887 for regulating or completely cutting off or arresting 
the flow of the ga,s or liquids to the various parts of the apparatus have 
metel seats To prevent leakage of the gas or liquid, the stuffing boxes 
of these valves are provided with screwed glands, which are likewise 
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screwed on to the valve spindles, which latter are sere w-th resided for 
their entire length, and are packed with sohk' suitahh' yielding fibrous 
or metallic [»acking, such, for instance, as heni]) or lead. Tliis packing 
is caused to ('nter into the screw thn’iads upon t1i(‘ spindles as the 



Fig. 1 W.— Frick Angle Expansien or Regulating Valve. 

Vertical Central Section. 

glands are forced or screwed down, thus making gas-tight joints round 
the latter without causing the valves to set fast. A description of the 
Pontifex expansion or regulating valve will be found on page 187, being 
one of the improvements included in his 1887 patent. 
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A form of expansion valve for use with ammonia or other com 
pression machines has l)een designed by Suppes and Dortch of Ohio, 
U.S.A., which, it is claimed, obviates the formation of ice upon the 
exterior of the valve owing to the intense cold which is produced at 
this point by the expansion of the ammonia or other agent. Briefly, 
the expansion valve now under consideration comprises a valve and 
casin" having a pipe niember connecting the expansion orifice of the 


valve with the refrigerating coil, 



Fig. 148.— Triumph Safety Com- 
bination Expansion Valve and 
Stop-Cock. Vertical Central Sec- 
tion. 


which valve is provided with an ice- 
guard consisting of a member of a 
comparatively large area secured to 
the exterior of the valve casing ad- 
jacent to the valve. This ice-guard 
or member performs the double 
office of, firstly, absorbing heat from 
the atmosphere, and in this manner 
preventing an unduii reduction in 
the temperature of the valve casing 
from taking place; and, secondly, 
of forming a barrier over which the 



Fig. 149.— HoBlam Im- 
proved Type of Expansion 
Valve. 
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ice which accumulates on the pipe member must creep before it can 
reach that portion of the casing surrounding the valve. 

In Fig. 148 is illustrated the Triumph safety combination expansion 
valve and stop-cock. With this valve there is no necessity for pump- 
ing out or shutting down the plant, as it can be repaired at any time 
by shutting off the stop-cock, removing the stem and inserting in its 
place a short plug which is sent out with each valve. Expansion can 
then be effected with tlu^ stop-cock, which has a V-shaped opening at 
both (mds, so that no mistake can be made as to which direction it is 



Fig. 150.— T)e La Vergne 2Lin. Stop-Cock. Vertical Central Section. 

turned. When the expansion valve is repaired, all that is required 
is to simply shut off the stop-cock again, remove the short plug, and 
, reinsert the valve stem, after which work can be resumed as before. 
Fig. shows the Haslam improved type of expansion valve which 
is especially adapted for fine adjustment. 

Stop Cocks aj^d Valves. 

The De La Vergne improved form of stop-cock for ammonia gas 
is illustrated in Figs. 150 and 151, which show vertical central sections 
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through the shells or casings of a 2^-in. and a 1-in. cock, the plugs 
being left in elevation. 

As will be seen from the drawings, the square for operating the 
plug is, contrary to the usual custom, j)laced at the small end thereof, 
the latter being press(‘<l to its seat by a spiral spring inserb^d between 
its large end and a cap boltefl up to the shell »)r casing, and having an 
annular projection adapti^d to engage in a corresponding groove formed 
in the latter, and wherein is provided a lead or other washer. Similar 
means for banning a gas-tight joint are provided at the small end of 
the plug, and in this mannei* the escape of any fluid into the chamber 
that might chance to jiass the plug is prevented. The even and con- 
stant pnissure of the spiral spring maintains the plug always on its 
seat, and prevents any grit or other impurities from getting between 



Ftg. ir^l.— l)c La \ ciguo 1-ii). Stop-Cock. Vertical Central Section. 

the surfaces and cutting oi- abrading them. The shell of the small- 
sized cock (T valve (^Fig. 151) is of slightly modified form. 

The Kilbourn stop-cock is provided with a cone, gland, nut, or 
sleeve, and collar, so constructed and combined that by turning the 
gland nut in the one direction the cone will lie forced into and held 
in its .seating, whilst on the other hand by turning it in the other, or 
opposite direction, the cone will h(^ started from its seating. 

The (^oiiblruction of the Triumph Ice Machine Company’s stop- 
valve is such as to admit of its being packed at any time without 
running the risk of loss of gas. The valve has double seats, and the 
valves, when closed, clamp the seats so that it s impossible to have 
any leakage. The seats are formed of lead, so that should they at any 
time be injured by foreign matter, by simply removing the damaged 
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seat and inserting a new one a new valve is secured at only the 
expense of a lead seat. Fig. 152 shows one pattern of shut-off or 



Fig. 152.—- Frick Shut-off or Stop- Valve. Vertical Central Section. 



%. 153 — Frick Stop- Valve. " Fig. 154.— Frick Stop- Valve. 

' Perspective View. ^ Perspective View. 

stof- valve used by the Frick Company. Figs. 153 and 154 are two 
pf^er patterns of stop-valves made by iie same company. 
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Figs. 155 and 156 are sectional views of the standai’d Haslain type 
of ammonia valves such as are supjilied for all sections over 1 in. in 
diameter, and are the outcome of many years’ experience;. The bodies 
of the valves are constructeil of a special mixture of gun iron, the 
valves and spindles being of steel. A special feature of this type^ of 
valve is that the* gland caw be repacked at any time vvitlmut possibility 
of loss of ammonia. Fig. 1 57^Uustrates a small steed valve used for 
gauge and other connections unelei* 1 in. in eliameter. 



Fig. 158. —Discharge Valve, Her- 
cules Compressor. Vertical Cen- 
tral Section. 



Fig. 1511.— Suction Valve, Her- 
cules Compressor. Vertical Cen- 
tral Section. 


HuejTioN AND Discharge Valves. 

Compresseirs for ammonia or other vedatile refrigerating agents are 
usually prewideel, in the case of a vertical single-acting machine, with 
two valves— a suction and a discharge valve— at one extremity of the 
cylinder only ; and a double-acting horizontal machine has as* a general 
l^ule four valves— two, viz., a suction and a discharge valve, being located 
at each end Of the cylinder. It is hardly necessary to remark that these 
valves must, like all other valves in the system, be maintained tight, but, 
in addition to this, these particular valves are all held against their seats 
by suitable steel springs ; and it is a matter of the greatest importance, 
as regards the securing of the utmost economy in working possible, to 
see that the proper amount of tension is put upon these springs. 
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Should the spring governing the discharge valve of a compressor 
be too strong, then it is evident that an undue amount of pressure will 
have to be exerted in order to raise it from its seat, and hence a loss 
will be experienced. Still worse is it if the spring on the suction valve 
be over powerful, as in this event an excessive amount of suction will 


<• 



Fig. 160.— Triumph Suction Valve. Vertical Central Section. 

have to be produced in order to effect the raising of the valve off its 
^t, thereby creating a serious interference with the flow of the gas 
into the cylinder of the compressor.- Very sensible losses in efficiency 
will be experienced when the springs of both valves are exerting an 
over-pressure. A very small loss in the volume of gas for each single 

17 
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or double stroke of a compressor will in twenty-four hours amount 
to a serious item. 

The most effective method for adjusting the tension of the com- 
nressor valve springs to a nicety is by the use of the indicator. In 



Fig. 1(11. ^ 

l^iuiiipli Pattern Suction Valves for Frick Comiiiessors. 
Vortical Central Sections. 


Fig. 163. 

Triumph Pattern Suction Valves for De La Vergiio Compressors. 

Vertical Central Sections. 

fact without the use of the latter instrument, it is impossible to 
ensure any degree of accuracy of. adjustment, and consequently every 
compressor should be provided with proper pipes to admit of the 
jittachmeiit of an indicator, 
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Figs. 158 and 159 sliow respectively the construction of the dis- 
charge and suction valve of the Hercules compressor. An obvious 
objection to the t)ld form of construction was that on the removal of the 
cap the whole valve would fall into the cylinder. In the improved 
pattern made by the Triumph Company, tliis objection is obviated. 

Fig. 160 shows the Triumph suction valve. This valve is fitted 
with a guard so construct(*d as not to reduce the port area, which 
guard is attached t<^ the lower end of the valve stem, which is enlarged 
for this purpose. In case of breakage, or should the stem come loose, 



log. 105. — Triumph Tattein Valve for Calahan Compressor. 

Vcilical Central Section. 

this guard will prevent the valve from dropping into the cylinder’. 
By removing the hood or cap on the top of this valve, which may be 
done whilst the machine is in operation, the movement of the stem may 
be seen. This enables the person in charge to ascertain whether or 
not the v^lvc is working properly. Should the auction valve become 
tight from some cause, or the spring be too tight, all that it is necessary 
to do is to i-emove the cap, teke off the locker and turn the valve- 
stem to the right. If, on the contrary, the spring is too slack or light, 
and permits the valve to open too much, the stem should be turned 
the left. After the required adjustment theDocker and cap can 


S £ 
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replaced and the valve will be found to be working properly. The 
whole of thi.s operation can be effected without shutting down the 
machine. 

Figs. 161 to 164 show the patterns of safety suction valves con- 
structed by the Triumph Company for the Frick and the De La 
Vergne types of compressors, and Fig. 165 illustrates the pattern of 
valve made by the same company for the Calahan type of machine. 


Pipe Joints and Unions. 

An important part of a compression plant is the provision of 
absolutely gas-tight pipe joints, which, by the way, is by no means an 
easy matter to effect, at least with the agents working at the higher 
pressures. It is scarcely necessary to observe that the pipes must be 
so put up that they will be capable of expanding and contracting 
freely, for the range of expansion in pipes which are liable to be 
subjected to extremes of temperatures so widely differing as in the 
^present case, is considerable. The pipes should likewise be fixed in 
sections, so that any particular portion can be removed for cleaning 
or repairs and replaced in position without having to interfere with 
the other ones. 

For various reasons it is impracticable to use joints screwed 
together with white or red lead or varnish, as in the case of steam- 
pipes, and consequently some other method of forming a gas-tight joint 
has to be resorted to. A joint which is frequently employed is a 
compound screwed and soldered one, and this kind of joint is found in 
practice to be a very durable and reliable one, being capable of with- 
standing the expansion and contraction to which the pipes are con- 
stantly liable, as well as the periodical rapping to which they are 
subjected during cleansing operations. The leading features of all 
joints of this description is the commencement of the female screw 
thread in the socket a short distance from the extremity of the pipe hr 
fitting, *the intermediate portion being slightly enlarged so as to/onn 
an annular space or clearance, when the spigot end of the pipe is in 
position, adapted to receive the solder. 

A method of forming gas-tight joints, for use wherever the end 
of a coii or of a pipe is to be secured to the sides or ends of any 
of the chambers, invented by P^ontifex in 1887, is as follows:— 
A nut is screwed on to the pipe on either side of the plate, and bn 
erne or both sides of the plate a circular recess is formed around t|iie 
pipe. Into this recess, and around the pipe, is inserted a padkiug 
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ring or insertion of india-rubber or of any other suitable material, 
which ring is circular in transverse section. The nut screwing on the 
pipe is likewise shaped circular at one end so as to enable it to enter 
and fit into the recess, or in some instances a washer, so formed, or 
dished or hollowed out, that when forced against the packing ring 
it will cause it to press inwardly against the pipe, is interposed 
between the nut and the plate. In this manner a perfectly gas-tight 
joint, capable of withstanding considerable pressure, is formed, the 
india-rubber or other packing ring or insertion being firmly held in 
position so that it cannot escape from the pressure that is put upon it. 



Fig. 166.— I)e La Vergne Pipe Joint. Perspective View. 


Pigs. 166 and 167 illustrate, in perspective and vertical central 
section, the De La Vergne type of pipe joint. To ensure a tight joint 
to withstand high pressure the flanges are connected to the pipes both 
by screw threads and solder, the latter being run into the annular 
recesses or clearances shown above the threaded portions, the surfaces 
of which a];^ well tinned. The joint between the flanges is formed by 
an annular projection upon the one fitting into a corresponding groove 
formed in the other, which, when the nuts are screwed up upon the 
bolts for connecting the flanges, w pressed home and bears upon 
a suitable packing ring inserted into the bottom of the correspond- 
ing groove or recess, and thus forms a perfectly gas-tight joint. Similar 
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screwed and soldered joints are likewise employed wherever it is 
necessary to use a return bend, elbow, tee, cross, or other connecting 
piece. The fittings are either made of malleable iron or steel. 

The result of covering the thread of the pipe with solder, and 
ranning the latter into the above-mentioned annular recess or 
clearance, and thus forming a compound screwed and soldered joint 
IS, that what IS otherwise the weakest part of a length of piping becomes 



?ig. 167.-De La Vcrgne Pipe Joint. Vertical Central Section. 

the strongest. It is stated by the company that it has been invariably 
found that when the usually applied test of 1,000 lbs.‘ hydrostatic 
pressure to the square inch is overrun, the pipe rips open before the 
joint gives out. 

.Fig. 168 is a vertical central section illustrating the Kilbourn joint, 
which 18 especially intended for us6 where it is necessary to set tubes 
or pipes in places where an expander cannot be used, or where sweatin"- 
or soldering is reijuisite to make a perfect gas-tight joint adapted to 
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withstand vt^rv high pressures. As will be seen from the illustration 
the extremity of the pipe is Hanged and secured in a recess in the plate 
by means of a nut or collar, after which solder is run round it. 
Where the plate is of insuHicient thickness to allow for a depression 
being left for the solder a rib is formed thereon, as shown. In this 
manner the inventor claims that the pip(‘ or tube can be so secured 
to a tube })late or its equivalent that it will be perfectly firm and rigid, 
and that th(‘. solder will retain its hold against all ordinary or usual 
contingencies, whilst at the same time forming a perfectly gas-tight 
joint. In Fig. 169 is shown the Kilbourii coupling for connecting 
together different lengths of pipe, or forming joints between the latter 
and tluiir connections, where fluid-tight joints to withstand very high 
pressures are demanded. The usual internally screw-threaded socket 



Fig. 168 .— Kilbourn Joint for connecting Pipes to Plates. 
Vertical Central Section. 


is chamfered or bevelled at its extremities, and caps having internally 
chamfered shoulders and borcxl to fit over the pipes, and over the 
socket, aie forced against the latter by means of bacjk-nuts, so as 
to compress the packing rings or jointing materials, placed between 
the chamfers on the socket and caps, as shown, and thus form a 
perfectly gas or fluid tight joint. 

In forming a screwed and soldered joint (Figs. 166 and 167) of 
the type above described, owing to the comparatively small amount 
of surface! in actual contact and tending to prevent leakage, it 
is essential that great care should be taken in order to ensure the 
lasting qualities of the joint, and if these precautions be observed, and 
the joint be well made, it will remain gas-tight for a considerable 
number of years. Those portions of both the exterior and interior 
surfaces of the pipes between which the solder is poured should be 
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first carefully tinned, this operation being performed just before the 
formation of the joint, so as to avoid the injury that might otherwise 
occur to the thin layers of tin, and thus to ensure as perfect surfaces 
as possible and admit of as firm as practicable an adherence of solder 
to both of the surfaces to be united. 

All grease having been first care- 
fully removed by scmping and washing 
over with killed or prepared hydro- 
chloric or muriatic acid, the tinning of 
the faces can be easily performed by 
means of a soldering iron in the ordi- 
nary manner. The killing of the hydro- 
chloric acid is effected by placing in it. 
pieces of zinc until all ebullition ceases, 
and after cooling, diluting the acid with 
water in the proportion of two parts of 
the latter to one part of the former. 

It will, of course, be understood that 
to disconnect a screwed and soldered 
joint, a sufficient applicatioif of heat 
must be made to melt or fuse the solder. 

Figs. 170 to 183 show a few amongst 
th(i numerous other joints that have 
been brought out and used. Fig. 170 
is a very substantial pattern of steel 
fiaiige union or connection, in which a 
blue-lead gasket is used which is cast to 
fit into the square groove in the face of 
one of the flanges, the rib or projection 
on the opposite flange also fitting into 
this groove so that when the flanges are 
drawn together by the four bolts, the 
lead gasket will be pressed firmly «into 
the groove, the latter preserving the 
form and thickness of the gasket, and 
so forming a perfectly gas-tight joint. 
Similar types of unions are also shown in Figs. 171, 172, and 173. 
The flange union shown in Fig. 174 is intended for a joint made with 
rubber and gasket, or any sheet packing similar to that used for gas, 
water, and steam, and the flanges are made of steel. 

By reaspn of the larger surfaces tliat are in contact, flange joints 



Fig. 1(59.-— Kilbourn Joint for 
connecting different lengths of 
Pipes. Vertical Central Section 
through Joint. 
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formed in the ordinary manner would remain gas-tight for a longer 
time than would be the case with screwed joints. Ammonia-tight 
flange joints can bo made by the insertion of a common gasket, and 
with flanges adapted for the use of sheet packing of the kinds used 



Fig. 170 ,— Flange Coupling or Union for Lead Gasket. 
Veitical Central Section. 


for steanwand hydraulic jointa, but in the latter ca^ it is preferable to 
employ flanges having on one of their faces a circular raised rib or 
fillet A, and in the other face a corresponding groove or recess, as 
shown in Fig. 174. 



Figs, 171 and 172.— Frick Coupling or Union for Large Pipes. 
Vertical Central Section and End View. 


Fig. 176 shows a De La Vergne soldered pipe joint-socket or 
elbow for ammonia pipes. Fig. 176 is a return socket bend. Kg. 177 
is a flange bend or elbow for gasket joint. Kgs. 178 and 179 is a side 
view, partly in elevation, and an end view of the Frick evaporating 
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Fig. 173. — Frick Coupling or Fig. 174.— Flange Coupling or 

Union for Small Pipes. Verti- Union for Sheet Packing. Fleva- 

cal Central Section. tion partly in Central Section. 



Fig. 175. — De La Vergiie Soldered Pipe Joint, Bend, or Klhow. 
Vertical Central Section. 
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Vertical Central Section and End View. 


Fig. 176 shows a De La Vergne soldered pipe joint-socket or 
elbow for ammonia pipes. Fig. 176 is a return socket bend. Kg. 177 
is a flange bend or elbow for gasket joint. Kgs. 178 and 179 is a side 
view, partly in elevation, and an end view of the Frick evaporating 
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bend serving 1x) clamp them together. The illustrations are for the 
\ most part sufficiently clear, and require but little explanation. 



Fig. 18‘2.— Return Bend foriiied in 
halveH. Side Elevation. 



Fig. 183. — Return Bend formed in 
halves. V ertical Central Section. 


^ By the use of electric welding makers are now enabled to provide 
long continuous coils of pipe and so for the most part dispense with 
the use of joints in awkward places. 

Means for Increasing Cooling Surfaces of Pipes. 

Fig. 184 is a perspective view of a disc or gill which is formed in 
halves, one of which is shown removed in Fig. 185. The two halves 



Figs. 184 and 186.— -Discs or Gills for Increasing the Surface of 
Refrigerating Pipes. View showing Gill fixed in position on Pipe, 
and View showing one-half of Gill removed. 
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or parts of the disc are adapted to be secured together upon the 
pipe by means of iron clips which press them against the pipe. 
These discs are fixed at regular intervals upon the cooling or re- 
frigerating pipes in the cold stores or chambers, after they are all put 
up, and, according to the inventors, their effect is to increase the, 
cooling surface to such an extent that only one foot of pipe is found 
requisite where four would be necessary without them. These remov- 
able discs or gills are made by Messrs I)e La Vergne & Co. 

Mr B. Lebrun, of Nimy, Belgium, also makes a pattern of cooling 
pipe with gills or flanges. These pipes are of cast iron, and the gills 
Or flanges are formed therewith. The Maquet gilled piping is made 
by Mr H. R. Witting, of 9 Southampton Street, London. Several 
other arrangements on the same principle have been devised for 
increasing the surface of cooling or refrigerating pipes. 



CHAPTER XTT 


REERIGERATION AND (^OLD STORAGE 

Refrigeration by moans of tlie Cold- Air Machine— Refrigeration by means of Com- 
proBsion or Absorption Machines — The Brine Circulation System— The 
Direct Expansion System — The Cold-Air Blast System — Piping for Cold 
Scores. 

The knowledge of the conservative action of cold upon organic sub- 
stances is probably as old as the existence of human beings, and has 
been constantly utilised to preserve from putrefaction various aliinen- 
tiVy substances. 

Attempts have for many years been made to produce a refrigerated 
atmosphere by means of ice, but the results obtained are far f^rom satis- 
factory, the atmosphere of the stores or chambers so cooled being as 
a rule saturated with moisture from the melting ice, and the meat 
preserved therein assuming a more or less musty and disagreeable 
flavour. The possibility, however, of successfully keeping meat in 
artificially cooled stores or chambers dates only from the invention of 
Charles Tellier’s machine and brine circulating system in 1873, by 
which he was enabled to create a cold dry atmosphere, wherein organic 
substances could be maintained constantly at that temperature which 
is found to be preservative. Mechanical refrigeration is therefore, it 
will be seen, an art of. comparatively modern origin. 

For the preservation of meat, machines working upon the com- 
pression system, the absorption system, and cold-air machines are 
employed? 

In freezing carcasses for transportation, the cold is best applied 
gradually at first, so as to ensure an even freezing throughout, and 
, prevent damage to the inner portions of the meat by the freezing of 
the external surfaces thereof before the internal heat is sufficiently 
lowered. When frozen or congealed a temperature of at least as low 
as 1^" Fahr. should be maintained. For cooling ships’ holds, cold 
stores or chambers, and other similar purposes, temperatures varying 
from 15** to 56“ Fahr. are required, in accordance with the material 
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being dealt with, an even temperature in every part being absolutely 
necessary. When freezing carcasses they must be hung at such dis- 
tance apart as to admit of a ready circulation of the cold air round 
them taking place ; for storage for transportation, however, it is recom- 
mended to pack them as tightly together as possible, provided no 
injury through bruising be caused, and that a sufficient clearance or 
free space be left for the circulation of the cold air between the 
carcasses and the inner lining of the storage chamber. The tempera- 
ture of cold land stores or chambers for storing and preserving unfrozen 
meat need not be lower than 25” Fahr., but should not rise above 30° 
Fahr. When the meat is frozen, however, as it must be when it has to 
be kept for any length of time, it may advantageously be maintained 
at as low a temperature as 15° Fahr. 

The atmosphere of cold stores in some instances should be kept as 
dry as practicable ; whilst in others a certain amount of moisture is 
desirable, as, for instance, when used for preserving fish, eggs, and 
cheese, which are injured by the air being too dry. For preserving 
moat for com}»aratively short periods the best temperature is from 
30” to 40" Fahr., as most descriptions are injured to a greater or 
less extent if permitted to freeze, by the bursting of the vesicles of 
which fl( :jh Is composed. When, however, it is required to be pre- 
served for a longer period than, say, three weeks it is absolutely 
essential that the meat should be frozen, otherwise a slight decom- 
position will take place, and it will become grtmtly deteriorated. 

When a cold-air machine is employed for refrigeration, the cold 
air is, as a rule, admitted to the freezing room, cold storage chamber, 
or chill room . h rough ducts placed near the ceiling, and after it has 
done its duty is conducted back again to the compressor, wherein, 
after being mixed with a sufficient amount of fresh air, it is again 
compressed. 

The n ost advantageous method of conveying the cold air from the 
machine to the chill room or cold store or chamber is by means of 
wooden trunks or conduits discharging into the latter through an inlet 
situated at or near the ceiling at one extremity thereof, the used or 
spent air beiifg withdrawn through a similarly situated outlet and con- 
duit at the other extremity. All abrupt rises or falls or bends in the 
air trunks •should oe avoided, and their length should not be excessive, 
as the loss experienced through the rise in temperature of the air in 
the latter case would be very considerable. The extreme limit of 
distance to which ' it is advisable to convoy the cold air through these 
conduits is 200 feet. 
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When carcasses are to be congealed, the temperature of the freezing 
chamber or room should be maintained at about 10° Fahr. ; as has 
b^n already stated, however, the cold should on no account be applied 
too rapidly at starting, but gradually, so that the internal heat may 
be first sufficiently reduced, to avoid injury to that portion of the meat, 
before the outer surface becomes frozen. 

For after preservation of frozen meat it is sufficient to keep the 
atmosphere of the chamber or store down to a temperature of about 
16“ or 18° Fahr. ; it should not, however, be allowed to rise above 
20° Fahr. 


Refrigeration by Means of Cold-Air Maciiines. 

According to Colonel B. H. Martindale, C.B., R.E., the general 
manager of the London and St Katherine Dock Co., in 1886 they 
had fifty-six refrigerating chambers in two vaults, the smallest of 
which chambers had a cubic content of 2,273 ft., and the largest 
thereof of 9,280 ft., the total content of the fifty-six chambers being 
something over 183,000 cub. ft. Tlie carcasses of the sheep averaged 
in weight 56, 60, and 72 lbs. each; and the whole of the^ chambers 
completely filled would contain about 59,000 sheep of the first weight, 

66.000 of the second, and 44,000 of the third ; in practice, however, 
a space or clearance had to be left for gangways, and for separating 
different marks, for which a deduction had to be made from the total 
storage capacity, and taking the shipments as they chanced to arrive, 
the above space was equal to the storing of the carcasses of about 

44.000 sheep. 

The cold-air machines employed in connection with the fifty-six 
chambers in question comprised four Haslam 60,000 cub. ft. machines, 
and three Hall 30,000 cub. ft. machines, supplied with steam from 
three multitubular boilers of the marine type, and four boilers of the 
locomotive type, the former having been found in practice to be the 
best, Ohe of the Haslam 60,000 cub. ft. machines worked on fifteen 
chambers, having a total capacity of 48,000 cub. ft., and capable* of 
storing 11,000 carcasses of sheep averaging in weight 72 lbs. each, but 
which storage capacity was reduced by gangways, <kc., to between 

8.000 and 9,000. The engine was kept running twenty hours out 
of every twenty-four, the stoppage including the time required for 
cleairing the snow from the valve?, snow boxes, and air-trunks. The 
average speed was eighty revolutions per minute, at an air pressure of 

. 44 lbs, per square inch, giving a temperature of - 70° in the snow 
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boxes, and keeping the teniperatui*e of the chambers down to from 
15° to 18° Fahr , which was found in practice to be about the best 
temperature to keep the moat at. Better results were obtained in 
proportion to the fuel consumed, by working at an air pressure of 
about ' 44 lbs. per square inch, instetid of 50 lbs. and upwards ; not 
giving such a low temperature in the snow boxes, but about - 50° 
Fahr. instead of -60° or -70", and delivering a larger volume of 
cold air into the chambers. The proportionate rise in temperature was 
then much less b('.tween the delivery from the expansion cylinder and 
the distant chambers. Twenty-four chambers, with a (capacity of 
90,000 cub, ft,, were worked by two Haslam 60,000 cub. ft. machines, 
running at an average of seventy revolutions per minute, with an air 
pressure of 40 lbs. per square inch, the temperature in the snow box 
being - 55° Fahr. 

The atmosphere of the chamber next the machine could, as a rule, 
be kept at a sufticiently low tcjnperature with but little opening of 
the delivery ports in the air-trunks, and almost without admitting air 
at all, as the mere passage of the air- trunks through it kept it nearly 
cool en lugh. The greatest care was taken in regulating the delivery and 
return air-ports ui‘ apertures, gradually increasing the area of both in 
proportion to the increased distance from the machine; the greatest 
distance to which the cold air was conveyed being 180 ft. 

The pi'actical result of the (jbservations taken, which extended over 
some time, was that the rise of temperature in travelling was 1° Fahr. 
for every 18 or 20 ft. travelled ; but this, of course, must not be taken 
for more than the result arrived at from general working under 
existing condilioiis. It was likewise found that from 1 to 1 ^ cub. ft. 
of cold air per hour would keep cool -say at 18° Fahr . — 1 cub. ft. of 
storage at a distance not exceeding 180 ft., cr, say, at an average 
distance of 90 ft. from the machine. The first amount named, viz., 
1 cub. ft. ►£ cold ail per hour to each cubic foot of storage, was the 
result arrived at during temperate weather, and this, it is estimated, 
would most probably be amply sufficient were the chambers fully 
stored with carcasses, and left entirely undisturbed; but as this is 
not possible in practice, an allowance has to be made for the opening 
of doors for the purpose of deliveries and so on ; and the second 
amount, or 1 J tub. ft. of air per hour for every cubic foot of storage that 
it was desired to keep down to, say, 18° Fahr., was found to be about 
correct for general practice. 

The coal consumption was stated to hv for three machines, giving 
out nominally 120,000 cub. ft. of air (one 60,000 cub. ft. and two 
18 



274 Kli^KlLliiKAllUJN AJNU LULU blUKAUL. 


30,000 cub. ft. machines), tons of coal in twenty hours; and 
two 60,000 cub. ft. machines, working under practically similar con- 
ditions, had a like consumption. The coal used was ordinary Welsh 
coal, costing about 16s. 6d. per ton. 

The London and India Docks Co., when the extensions now in 
progress are completed, will have refrigerated accommodation capable 
of receiving 550,000 sheep. The extension consists of twelve cold 
chambers on three floors. 

Refrigeration ry Means of Compression or Absorption 
Machines. 

When refrigerating machines wherein the cooling is eflfected by 
the evaporation of a volatile liquid are employed, the refrigeration can. 
be conveniently efiected in three ways, viz. : — 

First, by cooling a non-congealable salt brine, and then pumping 
it through a system of pipes, or of open troughs in the chambers. 
‘■'Secondly, by causing a current of air, generated by means of a fan 
or otherwise, to impinge against surfaces reduced to a low tempera- 
ture by the expansion of the refrigerating agent itself, or by an internal 
circulation of cooled brine, and conducting the cold air to the refri 
gerating chambers. And thirdly, by expanding the gas direct through 
pipes placed in the chambers. 

The main advantage claimed for the first of these plans is that it 
admits of the machine being stopped, and when an independent brine 
pump is employed, the brine, wherein a large reserve of cold is stored 
up, can be continued in circulation for a considerable time before any 
thawing from rise of temperature and consequently dripping will take 
place from the pipes. 

The Brine Circulation System 

The agent employed in the brine circulating system consists of a 
solution* of chloride of sodium or common salt* or of chloride of 
calcium, * chloride of magnesium, or any other suitable solution capable 
of standing very low temperatures without congealing. To extract or 
absorb the heat from the brine, the simplest and best method is 
undoubtedly that most commonly employed, which consists in passing 
it through a tank of ample dimensions fitted with suitable coils of pipes, 
througii which the cliilled liquefied ether, carbonic acid, ammonia, or 
other volatile refrigerating agent, cii*culates, vaporises or gasifies, e^- 
* For proportions, &c., of these solutions, see p. 632. 
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panda, and 8ubse(|uently returns therefrom in the form of *a gas or 
vapour to the ooriii^ressor, in one system ; and in the other, in the form 
of a strong solution to the generator. An expansion valve or cock, 
such as one of those illustrated in Figs. 140 to 149 (pages 246 to 252), 
is fitted to the inlet ends of the submerged coils. The brine, being 
thus deprived of a large portion of its heat, is then drawn away from 
this refrigerating or cooling tank or vessel by tlie brine circulating 
pump, and is forced through the system of cooling pipes in the 
refrigerating chamber or cold store. 

The arr’angement of the c(X)ling pipes in cold stores for preserving 
provisions of a perishable nature requiring to be kept at various tem- 
peratures between 25’ and 45“ Fahr., in accordance with the descrip- 
tion and nature of the provisions, or of those in chambers for freezing 
or congealing meat and keeping it frozen, which require to be main- 
tained at temperatures of between 10“ and 18“ Fahr., according to 
the work demanded, only dilTev from other installations in the par- 
ticular disposition and numbers (if the pipes, the chambers intended 
for the latter purpose being, of course, fitted with the greatest number. 

' The Direct Expansion System. 

When the direct expansion system is in use the pipes should 
invariably be of wrought iron, and even where the 1 .ine circulating 
system is employed they should preferably also be of the latter material 
in the case of freezing chambers, as the heat from the chambers 
passes more readily through the thinner walls of the smaller wrought- 
iron pipes. Besides which there is, as has been already mentioned 
elsewhere, a considerable saving of jpace. 

One advantage of this system is that a more economical and rapid 
cooling i;. effected than with the brine circulation ; another is the simpli- 
fication of the apparatus and the reduction in the fii“st cost thereof. 
To counterbalance which advantages, however, there is the danger to 
human life, of damage to the contents of the refrigerating chambers, 
and of fire, {jhould any leakage of the gas or vapour from the cooling 
pipes take place, and also the impossibility of shutting down the machine 
even for a few minutes without the cooling pipes commencing to drip. 

As regards damage to the contents of the rooms or chambers by 
reason of an escape of the refrigerating agent, however, carbonic acid 
is known to be non-injurious, and. as regards ammonia the fears of 
any deterioration in the cjuality of fresh meat which is being frozen or 
preserved, resulting fi’om any accidental leakage of the pipes, would. 
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Beem to be totally groundless, judging from the results of recent 
practice, and the opinion of experts. 

On this head the following extract from an article published in 
the Scientific American in 1889 is of interest : — 

“Home years ago Dr B. W. Richardson, in a communication to 
the Medical Society, called attention to the antiputrescent properties 
of ammonia, and showed that blood, milk, and other alterable liquids 
could be presei'ved for a long time by adding to them certain quantities 
of solution of ammonia ; and solid substances, such as flesh, by keeping 
them in closed vessels filled with ammonia gas. Home doubts that 
would appear to have been raised as to the results reported, on the 
ground that ammonia was itself a product of decomposition, induced 
Dr Gottbrecht, of the University of Greifswald, to repeat the experi- 
ments with the result of practically confirming all Dr Richardson’s 
statements. After some preliminary experiments, in which animal 
matter placed in 5 per cent, of ammonia solution was found free from 
\putrescence after nearly two years, ammonium carbonate was used in plact} 
of the free alkali for the sake of convenience. The first experiment 
made with the washed intestines of freshly killed pigs showed the 
power of ammonium carbonate to retard putrefaction to b“ directly 
dependent upon the concentration of the solution, a I per cent, 
solution retarding it until the third day, a 10 per cent, solution until 
about the sixtieth day. When added to gelatine in which putrefaction 
had already been set up by inoculation, it was found that a 5 per cent, 
solution so modified the conditions that the putrescence ceased, and 
a 2| per cent, solution inhibited the development of bacteria, so that 
the liquefaction of the gelatine was practically stopped. Other experi- 
ments showed that in an atmosphere impregnated with ammonium 
carbonate meat could be kept for six months, and at the end of that 
time remain nearly unaltered.” 

When chambers are refrigerated on the direct expansion system 
it is nevertheless essential that the system of pipes employed, which 
can be arranged on any of the plans adopted in the case of brine 
circulation, should be such as to reduce as far as practicable to a 
minimum the chance of leakage taking place at the joints, cooks, 
valves, ike., as, ipdependently altogether of any possible damage to 
the contents of the stores or chambers, it is highly desirable, for 
economical reasons, that as little ^as possible of the circulating agent 
be lost. Various gas-tight joints ‘have been already briefly described 
in a previous chapter. 

Anmionia, both in a liquid and gaseous condition, has no chemical 
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effect whatever upon iron, consequently tlic cm>lin^ pipes require no 
protection upon l-he exterior, whicli should receive a coat of 

paint every year to prevent them from rusting. 

So long, however, as the pipe.s are coated with snow or ice no 
corrosion will take place, (‘ven externally, as tliey are thoroughly pro- 
tected thereby from the oxidising effect of the atmosphere ; when, how- 
ever, they are subjected to alternate freezing anrl thawing, as is usually 
the case during actual work, when the chambers or stori‘s are alternately 
in and out of use, then tlu'iy must be protected as above mentioned. 
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18r>.- ]>i,vgrain sliowing the Variation in Capacity, &c., ef a 
Kefi igerating Machine. 


There is not the least doubt but that the direct expansion system 
is, as has bt^en before mentioned, more economical than the brine circu- 
lation system. This will be obvious when it is remembered that every 
transmifi^sion < >1 heat must of necessity entail a loss of efficiency. A far 
higher evaporating pressure can be maintained in direct pipes than in 
evaporating coils in a brine tank, whilst at the same time they have 
still within them a far lower temperature than in the latter. The 
result of this is that, in the (jompression system, the gas is sucked into 
the compressor at a greater back pressure when direct expansion is 
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employed, and a far larger amount of efficiency is obtained. The 
cold, moreover, being produced exactly where it is required, there is 
practically no waste. 

The diagram, Fig. 186, and the following table, show the variations 
in capacity, &c., of a refrigerating machine, and the economy of direct 
expansion, as drawn up by the De La Vergne Co. 

In the above diagram the line marked “capacity of machine” 
shows the diminished capacity fis the back pressure is reduced. If 
the machine has a capacity of 10 tons at a return pressure of 28 
lbs., as shown by the vertical height of the curve, it has a capacity 
of 5 tons only with a return pressure of 6 lbs. Under the same 
circumstances the cost of fuel per ton is increased in the ratio of 
the vertical heights to the curve marked “cost of fuel,” namely, from 
14*5 to 25. In other words the cost per ton is nearly doubled while 
the capacity is halved. The work as seen by the curve rnarked “work 
required” diminishes very slowly. 


Cubic Feet of Ammonia Gas per Minute to produce One Ton 
OF Refrigeration per Day. 

Condenser. 




P 

103 

ns 

127 

139 

153 

i68 

i8S 

200 

2I8 


P 

t 

65° 

70° 

75' 

8o° 

00 

90° 

95° 

100° 

105° 


4 

- 20 " 

6*84 

5*9 

5*96 

6*03 

6*00 

6*6 

6*23 

6*30 

6*43 


6 

- 15 ° 

5*35 

5*4 

5*46 

5*52 

5*58 

5*64 

5*70 

5*77 

5*83 

g 

9 

- 10 ° 

4*66 

4*73 

4*76 

4*81 

4*86 

4*91 

4*97 

5*05 

5*08 


13 

- 5 ° 

4*09 

4*12 

4*17 

4*21 

4*25 

4*30 

4*35 

4*40 

4*44 


16 

0 ° 

3*59 

3*63 

3*66 

3-70 

3*74 

3*78 

3*83 

3*87 

3*91 

1 

20 

5 ° 

3*20 

3*24 

3*27 

3*30 

3*34 

3*38 

3*41 

3*45 

3*49 

pin 

24 

10 ° 

2*87 

2*9 

2*93 

2*96 

2*99 

3*02 

3*06 

3*09 

3*12 


2 ^ 

15 ° 

2*59 

2*61 

2*65 

2*68 

2'71 

2*73 

2*76 

2*80 

2*82 


33 

20 ° 

2*31 

2*34 

2*36 

2-38 

2*41 

2*44 

2*46 

2*49 

2*51 


39 

25 ° 

2*06 

2*08 

2*10 

2*12 

2*15 

2*17 

2 * 20 ’ 

2*22 

2*24 


45 

30 ° 

1*85 

1*87 

1*89 

1*91 

1*93 

1*96 

1-97 

2*00 

2*01 


51 

35 ° 

1*70 

1*72 

1*74 

1*76 

1*77 

1*79 

1*81 

1*83 

1*85 


This shows very plainly the economy of direct expansion. The 
ammonia in the coils of the brine tank must be cooled below the brine 
or the directly expanded ammonia. If the difference be 10®, say 5"* 
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instead of 15", then the capacity of the machine is reduced in the ratio 
of 10 to 8 or 20 per cent., and the cost for fuel increase(i in the ratio 
of from 14*5 to 17*5 or 20 per cent. 

These are pliysical facts which cannot be explained away, and the 
economy of direct expansion in practice over both brine and air 
circulation is usually greabu- than the diagram and table illustrates. 

In the brine system, on the other hand, the large refrigerating 
or cooling tank is exposed to the atmosphere, and even when insulated 
as perfectly as possible, a considerable amount of heat is unavoidably 
absorbed, which is, of course, a total loss ; considerable fuel con- 
sumption is moreover required in the brine circulation system, for 
the power consumed in pumping the large quantities of brine through 
the, system of pipes in the refrigerating chambers or cold stores, which 
pipes sometimes run to many thousands of feet in length, and thus give 
rise to a large amount of friction ; and besides, after being in use for 
some time, they may become internally coated with rust, and with a 
slimy deposit, which not only produces a considerable increase in the 
am(>unt of the friction to be overcome in driving the brine through 
them, but furthermore forms a sort of non-conducting coating, and 
lessens, L) an appreciable extent, the heat-absorbing qualities of the 
system. Altogether it is not improbable that the entire loss through 
the additional consumption of fuel entailed from all the above causes 
does not, in many instances, fall far below 25 per cent, of the entire 
amount. 


Cold-Air Blast System. 

Apparatus is also in use which is so arranged that the refrigerating 
coils or pipes are placed in a separate compartment connected with the 
ref riger: Ting chambers or cold stores, and air, having been cooled in 
the first, is passed into the latter, the circulation being kept up by 
means of a fan or blower. The refrigerated air is sometimes first 
washed and freed from snow by passing it through a shower of cold 
brine, andMried by exposing it to the absorbent at^tion of calcium 
chloride or other hygroscopic material. This arrangement is possessed 
of one of tlu‘ advantages derived from the use of cold-air machines, 
viz., that every part of the apparatus is situated externally to the 
refrigerating chamber or cold store, and consequently accessible at all 
times. Dripping from the refrigerating pipes when the machine is 
stopped for a short time, and the temperature of the chamber or store 
rises slightly, is also avoided. 
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Oti the other liand, how ever, there is a considerable loss by reason 
of the absorpti<ni of heat by the cold air on its w^ay from one chamber 
to the other ; an increased consumption of fuel, owing to the power 
required to work the fan or blowei* for keeping up the air circulation ; 
and finally the loss of possibly valuable space taken up by tlie chamber 
required for the purpose of cooling the air. 

The plan wherein air, refrigerated by contact with brino-(;ooled 
surfaces, instead of by direct expansion, is passed into the. chambers or 
stores, is evidently still more costly inasmuch as there are not only the 
losses entailed from the abovi'-mentioned sources, but, furthermoix^, 
that caused by another' tr'ansmission of heat. 


PIPING FOR COLD STORES. 

Amount op Rkprtorration Required. 

The refrigeration required wdll be governed by the siz(^ of the store, 
the amount of and frecjuency with which the goods are brought into 
the store and removed from it, the temperature of the goods, and their 
specific h(^at, the mean external temperature, the greater' or lesser 
perfection of the insulation, and various other matters, which render it 
totally impossible to lay down any hard and fast rules. 

A very usual practice is to provide 1 ft. run of 2-in. pipe for 
every 7 cub. ft. of space contained in the store, but sometimes 
the proportion used is as much as one to five, whilst again it is occa- 
sionally reduced to one to twelve. For refrigerating meat, in which 
case it is not desirable to cool the exterior too rapidly before the 
interior has had time to cool to a (certain (‘xtent, the best proportion 
to employ is om^ to t(ui. 

A*mount of Refrigerating Pipes Necessary for Chilling, 
Storage, and Freezing Chambers. 

ChUliitg- Booms or Chambers^ refrigerated on the direct expansion 
System, 1-ft. run of 2-in. piping for each 14 cub. ft. of space; on the 
brine-circulation system, 1 ft. run of 2-in. piping for each 8 cub. ft. of 
space. 

* Freezing Rooms or Chambers ^''rehigemied on the direct expansion 
system, 1-ft. run of 2-in. piping for each 8 cub. ft. of space; on the 
brine-circulation system, 1-ft. run for each 3 cub. ft. of space. ^ 

Storagje Rooms or Chambers^ refrigerated on the direct expansion 
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system, 1-ft. nin of 2-in. piping for each 45 cuh. ft. of space; on the 
brine-circulation system, 1-ft. run of 2-in. piping for each 15 cub. ft. 
of space. 


Extreme Limits of Curic Feet of Space per runnino foot 
OF 2-in. PlPlNCi. 

These are given in the following table : — 


Breweries.— -Modium insalation - 


Chip and stock rooms ... 

.. lto22 

Fermenting and settling rooms .. 

... 1„22 

Packing-rooms 

... 1 „ 18 

Hop-rooms 

. . 1 „ 2r, 

Packing House 

Chill-rooms for beef 

... 1 „ 12 

Hogs... 

... 1 ,, 10 

Freezing-rooms 

... 1 ,, 0 or 7 

Cold storage — 

Cold storage rooms 

... I„25or30 

Cold -storage house and freezing-rooms ... 

... 1 „ 8 

For eggs, brine pr« <^errcd 

... 1 „ 12 

Cftld storage ... 

... 1„2.'S 

Ice storage 

... 1„20 

Fish freezing (direct expansion) ... 

... 1m ‘2 

CtTBio Feet of Space per running foot 

OF 2-iN. Pipe 

Direct Expansion.* 

Form c n ti n g and settl i ng rooms 

... 1 to 20 

Packing -ixiom 8 ... 

... 1 „ 18 

Hop-rooms 

... l„2.5 

For packing liouse in chill-rooms for beef ... 

... 1 „ 12 

Tlie same room for hogs ... 

... 1 „ 10 

The freezing- rooms 

... 1 ,, f) or 7 

Cold storage rooms 

... 1 „ 25 „ 30 

Under cold storage houses the freezing-rooms 

... 1 „ 8 

Cold storage for eggs 

... 1 „ 12 

General cold storage 

... 1 „ 26 

Ice storage 

... 1 ,*20 

Fish freezing, about 

... 1 „ 2 


' The following five tables are given by Professor Siebel in the 
“ Compend of Mechanical Refrigeration,” 


Otto Luhr, Americav Brewem^ Be.vkw, 
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Lineal Feet of 1-in. Piping required per Cubic Foot of 
Cold Storage Space. 




TEMPERATURE, 

DEGREES FAHR. 

Building in 

Insulation. 







Cubic Feet, 
more or less. 

0' 

10“ 

20* 

80“ 

«• 

60” 


100 

Excellent 

3*0 

1*78 

0*48 

0-36 

0*24 

0-15 


Poor 

6*0 

1*50 

0*90 

0‘66 

0*48 

0-30 

1,000 

Excellent 

1*0 

0*26 

0*16 

012 

0-08 

0-05 


Poor 

2*0 

0*50 

0*30 

0*22 

0-16 

0-10 

10,000 

Excellent 

.0-fil 

016 

010 

0-075 

0*055 

0-035 


Poor 

1*2 

0*33 

0*20 

1*15 1 

;o*ii 

0-07 

30,000 

Excellent 

0*5 

0*13 

0*08 

0-06 

0-040 

0-025 


Poor 

1*0 

0*25 

0*15 

0-11 

0*03 

0-05 

100,000 

Excellent 

0*38 

0*10 

006 

0*045 

0-03 

O-OW) 


Poor 

075 

0*20 

0*12 

0*09 

0-06 

0-018 


Note.— T he above quantities of pipe refer to direct expansion, and should be 
made one and on^-half times to twice the length for brine circulation. To find 
the corresponding lengths of IJ-in. pipe divide by 1*25 or multiply by 0*8; of 
2-in. pipe divide by 1*08 or multiply by 0'55. ♦ 


Number of Cubic Feet covered by 1 ft. of 1-in. Iron Pipe. 


Size of 


TEMPERATURE, DEGREES FAHR. I 

Building in 

Insulation. 







Cubic Feet 
more or less. 

0“ 

10“ 

20“ 

80“ 

40“ 

60“ 


100 

Excellent 

Poor ' - - . 

0-3 

1*3 

2-1 

2*8 

4*2 

7'0 


0-15 

0-7 

11 

1-5 

2-1 

3*5 

1,000 

Excellent 

1*0 

4*0 

6-0 

8-4 

12*4 

20*0 

Poor 

0*5 

2-0 

3-2 

4-5 

6*2 

10*0 

10,000 

Excellent 

1-7 

6*0 

10-0 

13-0 

18*0 

28-0 

* 

Poor 

0*85 

3*0 

5-0 

6-5 

9*0 

14-0 

30,000 

Excellent 

2*0 

8*0 

14*0 

18-0 

25*0 

40-0 

Poor 

1*0 

4*0 

7*0 

9-0, 

13*0 

20*0 

100,000 

Excellent 

2*0 

10*0 

17 0 

22-0 

33*0 

110*0 

Poor 

1*3 

5*0 

8-5 

11*0 

1 

17*0 

66*0 


^ Note.— The above figures refer to direct expansion ; from one-half to two-thirds 
of the spaces only would be covered by the same amount of pipe in case of brine 
oiroulation. To find the corresponding amounts of cubic feet of space which would 
be hovered by one lineal foot of IJ-in. pipe, multiply by 1*25 or divide by 0*8 ; 
of 2-in, pipe,. multiply by 1*08 or divid by 0*56. 
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Number of Cubic Feet covered by i-ton Rbpriqeratino 
Capacity for Twenty-four Hours. 


Size of 


TEMPERATURE, DEGREES FAHR. I 

Building in 
Cubic Feet 

Insulation. 













more or less. 


0 “ 

10 * 

20 ° 

80 

40 ° 

50 ° 

100 

Excellent - 

150 

600 

800 

1,000 

1,600 

3,000 


Poor - 

70 

300 

400 

600 

900 

2,000 

1,(K)0 

Excellent - 

500 

2,500 

3,000 

4,000 

6,000 

5,000 

1?,000 


Poor - 

250 

1,600 

1,800 

2,500 

10,000 

10,0(K) 

1 

' Excellent - 

700 

3,000 

4,000 

6,000 

9,000 

18,000 

Poor - 

:io<) 

1,800 

2,500 

3,500 

7,000 

14,000 

30,0(K) 

Excellent - 

1,000 

5,000 

6,000 

8,000 

13,000 

25,000 


Poor - 

600 

3,000 

3,500 

5,000 

11,000 

20,000 

UXI.OOO 

1 Excellent ■ 

’.,500 

i 7,600 

9,000 

14,000 

20,000 

40,000 


Poor • 

800 

4,600 

5,000 

8,000 

16,000 

35,000 




Refrioerating Capacity in B.T.U. required per Cubic Foot op 
Storage Room in Twenty-four Hours. 




TEMPERATURE, 

DEGREES FAHR. 


Insulation, 







Cubic feet, 
more or le&s. 

0 ° 

10 * 

20° 

80 

40 ° 

«* 


100 

Excellent 

1,800 

480 

360 

284 

180 

95 


Poor 

4,000 

960 

480 

470 

330 

140 

1,000 

Excellent 

650 

no 

95 

70 

47 

24 

Poor 

1,100 

190 

166 

no 

55 

28 

10,000 

Ex<'elleiit 

400 

95 

70 

47 

30 

16 

Poor 

900 

160 

no 

81 

40 

20 

30,000 

Excellent 

280 

55 

47 

35 

22 

11 

Poor 

650 

95 

81 

55 

26 

14 

100, oot?' 

Excellent 

190 

38 

30 

20 

14 

7 

Poor 

360 

63 

55 

36 

18 

4 
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CHAPTER XIII 


l!EFK](iEI!ATI()X AND COLD STOKAOE (nwlimiA'd) 

■J^he ConHtruction and Arrangement of Cold Stores and of Cold Storage Rooms or 
Chambers — Ventilation -Air Circulation -Insulation— Railway Vans. 

It is completely beyond the scope of this work to deal with the 
arc-hitectural aspects of the requisite buildings, and, besides, these 
latter have, as a general rule, to be adapted to the special requirements 
of each particular case. Ah that is here contemplated, therefore, is 
to make a few observations upon the internal arrangement, premising 
that wherever possible it is advantageous to arrange for the delivery 
to and from tlic store being made from the uppermost storey. The 
reason foi^ this is obvious, cold air, being heavier than warm air, 
has a tendency to sink to the lowest level, little or no danger exists, 
therefore, of its escaping from above, whilst, on the contrary, by reason 
of its weight, it would naturally be forced out of any open door or 
window placed at a lower level. The possible penetration of heat 
from the exterior to the interior of the store is also greatly reduced. 

Failing tl is plan, all the rooms or chambers in a cold store should 
be arranged to op('n info a well-ins nlated corridor, or, in the case of a 
single cold storage room or chamber, into a porch, lobby, or ante- 
chamber, by which means the penetration of heat from the exterior 
into the room or chamber when it has to be entered to place provisions 
therein, or to remove them therefrom, is lessened. 


Cold Rooms or Chambers. 

A most important feature in the internal construction of a cold store 
is the insulation, and to this subject it is intended to reveit at some 
length later on in a special section of this chapter. 

At the Southampton Docks four cold stores or chambers, having a 
joint capacity of 47,000 cub. ft., are refrigerated on the direct 
expansion system by a 6-in. by 12-in. double-acting Be La Vergne 
machine having two compressors driven by a 10 H.P. gas engine. The. 
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proper insulation of the stores or chambers has been very carefully 
attended to, and a few hours’ working out of every twenty-four is 
stated to maintain the temperatures sufficiently low. 

The ducts or inlets for the admission of the cold air into the store 
or chamber when the refrigeration is effected by means of a cold-air 
machine, or by air reduced in temperature in a separate chamber as 
before described, are frequently placed as close to the roof or ceiling 
of the room, whether land or marine, as can conveniently be done, 
this having been stated to have been found in practice to be the most 
advantageous position, and the cold air having performed its work is 
drawn off at outlets also situated in this position. It is very doubtful, 
however, whether this is the most advantageous arrangement, and this 
subject will be further discussed later on. 

In packing carcasses in a cold store or chamber, they should be 
placed as close together as possible, taking care, however, to leave a 
f re& space or clearance between them and the inner lining of the room, 
through which the cold air can freely circulate. 

When hanging frozen mutton before cooking, care must be taken 
that it is so placed that the juice will not run out of the cut end. For 
example, hind-quarters, haunches, and legs must be invari^^ybly hung 
with the knuckle-end downwards ; and loins and saddles by the flaps, 
so as to give them a horizontal position. The cut end, moreover, 
should always be presented to the fire first when cooking, thereby seal- 
ing it and preventing the gravy from escaping from the joint. Frozen 
lamb does not need any preliminary hanging, but can be cooked as 
soon as thawed. 

As regards the capacity of a machine required for the refrigeration 
of a cold store or chamber of any given dimensions, it would be 
obviously impossible,' in view of the constantly varying circumstances 
of each individual case, to lay down any hard-and-fast rules. It will 
have to »be separately estimated for each particular installation, in 
aecordailce with the amount of cooling work which is necessary, and 
which it is desired to perform upon the material enclosed in the cold 
store or chamber, and by the amount of heat that is calculated to 
pass into the latter from the outside, through the walls, floor, and roof. 
It will consequently be thus seen that the capacity of the apparatus 
will depend upon the lowest internal and the highest external tem- 
perature, the area of the walls, floor, and ceiling, and also to a great 
extent upon their construction being carried out in a manner more or 
less impervious to heat. * 

Approximate allowance per ton of refrigeration is six beeves of 
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from 600 to 700 lbs. each ; ten to twenty hogs. One thousand cubic 
ft. of space per ton for small machines up to 2 tons ; 4,000 cub. ft. 
of space per ton for machines from 10 to 15 tons; and 10,000 cub. ft, 
of space per ton for larger machines used for general purposes. One 
thousand gallons of sweet water per ton from 70'’ to 40°. These 
figures will be of course affected by climate, construction and exposure 
of buildings, insulation, and management. 

As a general rule, however, it will be found that, owing to the 
circulation of the air, and the radiation through the floor, walls, and 
roof of the chamber, the cubical contents of the air in the latter will 
require to be cooled from eight to fifteen times in every hour, in order 
to ensure the temperature being assimilated to that of the air or gas 
passing out of the machine. 

Tlie following particulars regarding the radiation through walls, &c., 
are given by Professor Siebel ; ^ “If the number of square feet con- 
tained in a wall, ceiling, floor, or window be /, the number of units of 
refrigeration II that must be supplied in twenty-four hours to offset 
the radiation of such wall, ceiling, or floor, may be found by the 
formula : — 

^ H B.T. units, 

or expressed in tons of refrigeration — 




In these formuije t and are the temperatures on each side of the 
wall, and n the number of B.T. units of heat transmitted per square 
foot of such surface for a difference of 1 ’ Fahr. between temperature 
on each side of the wall in twenty-four hours. The factor n varies 
with tlie construction of the wall, ceiling, or flooring, from 1 to 5.” 

For single windows the factor n may be taken at 12, and for 
double windows at 7 {Box), 

For different materials one foot thick the following values are 


given for n 

For pine wood - 

2 0 B.T.U. j 

For sawdust 

1*1 B.T.U. 

,, mineral wool 

1*6 M 

„ charcoal, powdered 

1*3 „ 

,, granulated cork - 

1-3 „ 

,, cotton 

0-7 

„ wood ashes - 

1‘0 „ 

,, soft paper felt - 

0’5 

* “Oompeiid of Meclianical Refrigeration.’ Chicago: H. IS 

Rich & Co., 


1809 , 
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For brick walls of different thicknesses the factoi' n may be taken 
as follows after Box : — 


i brick 4^ in. thick 

. 

/A =5‘5 B.T. units. 

1 „ 9 




H „ 14 




‘2 „ 18 




8 » 27 



,.=2-6 

4 



n=2'2 


For walls of masonry of different thicknesses the factor n may be 
taken as follows after Box : — 


Stone walls (i in. thick 



7/ U.T. units. 

„ 12 „ 




„ 18 „ 



,,-5-0 ,, 

„ 24 „ 



II 

„ „ 



- „=4-8 „ 

„ 86 „ 



„=4i 


German authorities give values for n which are less than oin^-half 
of the values here quoted. 

For air-tight double floors of wo(k1 properly filled underneath so 
that the atmosphere is excluded, and for ceilings of like co^istruction, 
n is equal to about 2 B.T.U. An air space .sealed off hermetically be- 
tween two walls has the average temperature of the outside and inside 
air, hence its great additional insulating capacity. If tlie air space is 
hermetically sealed inside and outside, it appears that its thickness is 
immaterial ; half-an-inch is as good as three inches. 

If a wall is constructed of different materials having different known 
values for 7i, viz., 71^, &c., and the respective thicknesses in feet 

c?i, rfg, o?g, the value n for such a compound wall may be found after the 
formula of Wolpert, viz. : — 



In case of an air space perfectly sealed off the factor n may be deter- 
mined for that portion of the wall between the air space and the 
outside, which value is then inserted into the formula — 

R = fn - ^j). 

But in this case while stands for the maximum outside temperature, 
t stands for the temperature of the air space, which may be averaged 
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from the inside and outside temperature, taking into consideration the 
conductibility and Uiickness of the eomptmcnt parts of the wall. 

Fig. 187 is a vertical section through the end of a refrigerating 



chamber as designed by the Pulsometer Enpneenng Co., LW, 
showing an arrangement of cooling pipes on the brine mrouUtion 
^Lm The pipes a« of galvanised wrought iron, which, being very 


IQ 
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much lighter and thinner than those formed of cast iron, ensure the 
maximum amount of head room, and thereby enable a considerable 
amount of space to be economised. 



Fig. 1S8. — Arrangement of Cooling Pipes in Ceiling Lofts, 'rransveise Section. 


Fig. 188 is a transverse section through cold storage rooms oi 
chambers with the cooling pipes arranged in ceiling lofts. 

In the British patent of F. B. Hill, No. 16,253 of 1889, is described 



Fig. 189.— Hill’s Arrangement for Refrigerating Cold Rooms or Changers, 
. Diagrammatical View, 
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an arrangement in which the refrigerating apparatus, shown in 
Fig. 189, is located on a floor above the c(H)ling chamber. This 
arrangement, moreover, permits the circulation of the co()ling medium 
by gravity, so that the use of pumps or othei- machinery for effecting 
such circulation can l)e dispensed with, ii is the refrigerator tank ; 
id is another tank or vessel which is preferably arranged at a lower 



Fig. 190.— Jdill .s Arrangement for Refrigerating Cold Rooms or Chainliors. 
Elevation of ChamlMT partly in Vertiml Section. 

level than the refrigerator tank, and is connected therewith by means 
of pipes J in such a manner that a constant circulation of the brine 
or other non-congealable liquid from one’ tank to the other will be 
maintained by gravity during the refrigeration of the liquid. 

It was stated by the inventor that, by the us(i of tanks connected in , 
this manner, the reservoir or store of cold is gj-eatly increased. The 




292 REFRIGERATION AND COLD STORAGE. 

bottom of the cooling tank H may, if desired, serve as the top or ceiling 
of the chamber to be cooled, as shown in Fig. 190. 

The bottom of the tank ii is formed with a series of V-shaped 
portions or corrugations h^, and suitable gutters or channels K are 
arranged beneath the tank, so that any moisture collecting on the 
underside will flow to the lower edges of the corrugations or V-shaped 
portions, and will fall into the gutters or channels, whereby it will be 
conducted away to any convenient place. The dripping of moisture 
from the under surface of the tank into the room or chamber to be 
cooled is thus avoided. This arrangement also increases the area of 
cooling surface and the strength of the bottom of the tank. 

In a later patent, viz., No. 20,509 of 1890, the same inventor 
describes means for removing snow or hoar-frost from the refrigerating 
surfaces used for cooling air, which consists in the employment of 
rotating screw-blades or conveyors, or of annular or other suitable 
, scrapers, or brushes arranged to move to and fro, or up or down, in 
contact with the surfaces to be cleared. These screw conveyors, 
scrapers, or brushes are placed within or outside, or both within and 
outside, the refrigerating tubes or chambers. 

F. N. Mackay, No. 16,745 of 1886, provides for the combined 
utilisation of cold air from an air expansion machine and brine cooled 
by an absorption or compression machine. The rooms or chambers 
are partly cooled by the cold air, and the brine from the latter machine 
is circulated through an arrangement of pipes in the cooling chamber, 
to which brine pipes corrugated metal sheets are attached to increase 
the refrigerating effect. Or the corrugated metal sheets may be formed 
into narrow chambers to receive the brine directly. 

To increase the effective surface of cooling pipes F. S. Thomas, 
No. 2,568 of 1888, forms them with four concavities, or approximately 
star shaped in transverse section, and also employs lugs or ribs. 

A plan of chilling and freezing by a circulation of cold brine on 
the wall system has been patented by Hall. In this arrangement the 
congealing or freezing room or chamber is fitted with parallel hollow 
or cellular walls constructed of steel or iron plates, and situated at 
short intervals apart. The carcasses to be chilled or frozen are hung 
in the spaces or passages left between these walls, which latter can be 
maintained at a very low temperature by the cold brine circulating 
’there through. An advantage possessed by this method is that, owing 
to the extensive surfaces afforded by these hollow or cellular wails 
or plates, an intense cold can be rapidly produced, and the heat very 
expeditiously abstracted from the carcasses, which are thus quickly 
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frozen or con foaled . On this account, as the space taken up by the 
hollow walls is so trifling as not to necessitate any increase in the 
dimensions of the freezing chamber for a given number of carcasses, 
the proportion usually allotted to the latter may be reduced, and a 
saving of labour and of depreciation through handling is also effected. 
The carcasses when frozen are at once removed to cold stores or 
chamliers kept at a proper temperature for preserving the contents, by 
a circulation of brine through a system of pipes arranged near the 
ceiling ; or air, cooled in the machine-room, may be circulated through 
the chambers for a like purpose. 

On the other hand, howev(U‘, these 
hollow or cellular walls are apparently 
open to the objections that they ari'i 
somewhat more difBcult to maintain 
tight and free from leakage than a 
system of pipes. The shallow space 
left between the walls would also seem 
to be iable to b(K;ome choked by any 
foreign matter in the brine, and from 
deposits »n. the latter ; this, how- 
ever, is said not to be found to btj the 
case in practice with brine circulation, 
and the arrangement is not suitable, 
or intended, for the direct expansion 
system. 

In order co facilitate and hasUui 
the operation of chilling and freezing, 
and lessen the handling to which it 
is necessary to subject the carcasses, 
an arrangement for slowly traversing the latter through the freezing 
or congealing chamber or room has also l^een devised by the same 
inventor, wherein an endless chain provided with hooks at proper 
intei vals for hanging the carcasses, and operated by suitable gearing, 
is provided. 

k'ig. 191 shows a cold storage room or chamber designed by 
Mr W. 0. \\ iliiamson, and patented in 1909. Brine from trays 
located in the upper part of the room and containing ice and salt 
in baskets flows successively through tanks arranged round the sides 
and ends of the room, and from the last tank to a space between trays 
arranged on the floor, finally being discharged through a suitable pipe. 
The pipes conveying the brine from the upper trays to the tanks 



Fig. 191.— -Williainsoii’B Patent 
Cold Storage Chamber. 
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are so arranged that a certain amount of brine always remains in 
the trays. 

A patent was taken out at the beginning of the year 1895 by Sir 
A. S. Haslam for an improved apparatus for cooling air to be circulated 
through (jold storage rooms. Th(i main feature of this invention con- 
sists in the provision of an air cooler or chamber, wherein the air or 
other gas to be; cooIchI is carrhid between a number of fixcjd vertical 
metal plates, down which cold brine or other uncongealable li(|uid 
is constantly caus(‘d to flow. These plates or diaphragms are as 
shown in tlui plan, Fig. 192, which illustrates an arrangement for use 
in connection with a meat chamber, preferably of a corrugated form, 
and their lower extremities are placed either in or above a receiver 
for the liquid which trickles down their surfac(^s. 

'J\) maintain tlui plat(‘s or diaphragms at suitable distances apart, 
and parallel oiu‘ with th(* t)ther, distan(;e-piec(*s or blocks arc placed 
between them at the t{)p and bottom, which distance-pieces have lugs 
or recesses on their sidc^s to provide passages for the li(|uid. The 
tops of the upper distance-})i(^ces form the bottom of a tank supplied 
with the cold licpiid, aiid from which it flows down the plates in thin 
streams ; and they have, moreover, vertical projectimis at»..each end, 
which together foi'in the ends of the tank. Above this tank are situated 
suitable numbers of troughs or pipes, and a shower of brine at a 
low temperature, drawn or lifted from the receiver below, in which it is 
cooled by a pump or otherwise, is distributed over the bottom of the 
upper tank, from whence it trickles down the surfaces of the corru- 
gated or other plates, or diaphragms. Through the spaces or clear- 
ances provided between these plates a current of air is driven by means 
of a fan or blower, the blast being divided by the corrugated 
plates into a number of thin sinuous currents, and being reduced to a 
very low temperature by impinging against their surfaces and the cold 
fluid trickling down their sides. It has been found in practice to 
be preferable to place the above-described plates or diaphragms as 
close together as can possibly be done without injuriously checking 
the flow of air. 

Flat plates, or plates with horizontal corrugations, are not found 
to be so advantiigeous, because the air can pass between them in a 
straight line, instead of being compelled to wind backwards and 
forwards between the corrugations and impinge again and again against 
the cold liquid and the surfaces, of the plates; in the case of flat 
plates, moreover, they have to be much thicker in order to ensure the 
I'equisite stiffness. 
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This coolinp: Imttery i.s said to have given very favourable results 
under most exhaustive practical tests. 

Another arrangement for cooling air for circulation through cold 



storage rooms, which was pal»ented in the latter end of the year 1900 
by Mr T. Douglas, is shown in vertical central section in Fig. 193. 
The construction of the apparatus is almost sufficiently apparent from 
the drawing. It consists briefly of a cylindrical or other tower or 
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receptacle suitably insulated and having a chamber charged or filled 
with coke broken up into pieces of suitable dimensions. Above this 
charge of coke is provided a rose spraying apparatus by which cold 
brine from the evaporator or refrigerator of the machine is distributed 



Fig. 193. — Douglas’ Patent Apparatus for Cooling Air for use in Cold Storage 
' Rooms or Chambers. Vertical Central Section. 


orer the coke and trickles down over the same to a brine reservoir 
in the bottom of the tower, from, which it is pumped back to the 
' eva|«)rator or refrigerator. The air to be cooled is forced into the 
bottom of ihe tower by means of a suitable fan, and up through the 
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coke to a /Id-air delivery trunk through which it is conducted to 
the cold storage chamber. 

A series of tests carried out witii an air-cooling apparatus of this 
description at Messrs Win. Douglas Son’s, Ltd., works, Putney, 
showed a high degree of efficiency, and gave in every case a remark- 
able approximation between the temperature of the air at the exit 
from the cooler and that of tlie brine return to the evaporator. This 
approximation became closer, when the refrigerating machine was shut 
down, as the temperatures of both the brine and the air rose, and 
proved that the coke was an excellent medium for bringing the air into 
contact with a very large surface of cold brine and thus extracting the 
maximum of heat from the air. A suitable spray trap can be provided 
in the cold-air delivery trunk, or other means adopted for drying the air. 
The brine can be kept up to a proper density by either periodical con- 
centration, or by running out the surplus brine and strengthening the 
reniainder. 

An advantage possessed by this apparatus is its relative cheapness, 
and it can also be readily modified in design to suit different require- 
ments. For instance ii may be elevated above the level of the evapo- 
rator or irefrigerator so that the brine will return to the latter by 
gravitation, or where this is not possible it may be connected to 
a brine storage tank, from which the brine can l>e pumped back 
to the evaporator, or the foot of the tower may be made into a 
brine storage tank as shown in the illustration. The evaporating coils 
may be placed in the lower part of the tower, thus combining air- 
cooler and evaporator in one apparatus. In cases where height is not 
available two or mon^ towers ra.'>y be placed alongside, or a horizontal 
tower may be formed with diaphragms dividing the coke. 

Other arrangements for cooling air by direct contact with cold 
brine are the use of rotating discs dipping in the cold brine, sacking 
or canvas saturated with cold brine, &c. Attempts have also been 
made to draw or force air through a body of cold brine, but this latter 
method does not appear to have proved a practical success. 

In Fig^ 194 is shown in vertical central section an arrangement 
designed by Mr Madison Cooper for washing, cooling, and drying 
air, mote especially for use in cold storage rooms for eggs. This 
apparatus consists of three parts, viz., first, an air- washing tank, in 
which the air is caused to How upwards against a rain of water 
from a perforated diaphragm above. This not only cools the air 
to the temperature of the water, say 55° or 60“ Fahr., but it also 
takes out a large portion of the impurities of various kinds. Froiti 
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receptacle suitably insulated and having a chamber charged or filled 
with coke broken up into pieces of suitable dimensions. Above this 
charge of coke is provided a rose spraying apparatus by which cold 
brine from the evaporator or refrigerator of the machine is distributed 
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orer the coke and trickles down over the same to a brine reservoir 
in the bottom of the tower, from, which it is pumped back to the 
' eva|«)rator or refrigerator. The air to be cooled is forced into the 
bottom of ihe tower by means of a suitable fan, and up through the 
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water falling from the cooling pipes, upon the exterior surfaces of which 
the moisture present in the atmosphere of the room or chamber be- 



Fig. 197. — Refrigerating Installation on the Humboldt System', elected at 
Municipal Abattoir, Riga. Plan, 
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in the room or chamber by reason of the shutting down of the machine 
or from other cause. This dripping is, as has been already mentioned, 



. more especially liable to occur 
system of cooling is in use. 


in cases where the direct expansion 
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Fig. 19(j is M sectional view showing the arrangement of a cold store 
with beef chill-rooms cooled or refrigerated by means of a Haslara 
patent brine air-cooling battery. 

Tlie open trough system has been already alluded to, and it is one 
of great simplicity, and is frequently used for the hog-cooling rooms in 
bacon factories. Two, three, or other suitable number of troughs are 
usually placed in line, vertically, one above the other, over each hook 
or hanging rail, and the flow of brine can be regulated by any well- 
known and convenient, means. A large surface of cold brine is in 
this system advantageously exposed for absorbing heat ; on the other 
hand, however, the open troughs have the disadvantage of taking up 
a very considerabje amount of valuable space. 

Figs. 197 to 201 show a meat cooling plant on the Humlx)ldt 
system erected by them at the municipal abattoir, Riga, Russia. This 
plant is arranged with dry-air coolers for direct evaporation, the type 
of coolei’ employed being th<‘ Fixary improved by Humboldt in accord- 
ance with tlie dictation of their experience in the requirements of 
plants foi’ this purpose. 

The cooling pipes are ari*anged in the chilling, cooling, and curing 
rooiii.^ vf bacon factories in a number of other different ways, the 
system having frec^uently to be specially adapted to the existing 
buildings. Hennetinn's the pipes are placed in the form of coils in a 
sepamte chamber or loft provided in the ceiling of the main room or 
chaml>er (as shown in Fig. 202, which shows an installation on the 
direct expansion system), and air, admitted through suitable apertures 
from th(^ loom beneath, or by means of ventilators, and cooled by pas- 
.sing over the suiface of these coils, is allowed to circulate by gravity, 
or is rapidly circulated by means of fans through the room below. A 
sonu‘what similar arrangement of brine or cooling pipes is also often em- 
ploye! in beef and other meat rooms. An advantage of this plan is 
that it effectually prevents any dripping ami moisture in the chill-room. 

In an arrangement designed by Mr Puplett, the refrigerating pipes 
or coils and circulating fan are fixed in a separate compartment quite 
distinct trom the cold rooms, hut connected therewith by trunks or 
ducts. Thf* cooling is effected by the constant circulation through the 
chill Or meat rooms of a current of air that has first been cooled by 
passing it over the refrigerator. The air is washed and purified by 
being passed through a series of sprays of cold brine, and then over 
the refrigerator, by which it is. dried and reduced to any desired 
temperature. The fan draws the air from the rooms through the 
suction trunk, and returns it by the delivery trunk after it has passed 
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through the refrigerating chamber and been washed, cooled, and 
dried ; the air thus becomes colder, and is purified each time it passes 
over the refrigerator. 



% Another method of arranging the cooling pipes is to provide coils 
; on the sides of the chill-room, or where the chamber is of considerable , 
difnensibns, in rows placed vertically at suitable intervals lengthways of 
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the latter, the carcasses being suspended by hooks in the usual manner 
from meat or hanging rails, situated overhead, between the coils. 

When the refrigerating pipes are placed directly in the cold store, 
suitable drip-trays (as shown in Fig. 195) can b<’ provided if re([uired. 

Refrigerating machines are likewise very advantageously employed 
in bacon-curing factorievs or works, for enabling mildly-cured bacon to 
be produced in summer, by artiticially reducing the temperature of the 
chill-rooms and curing-cellars. 

A usual arrangement is shown in Fig. 203, which comi)rises rows 



Fig. Arrangement ot Cooling Pipes in Chill-room and Curing-cellar 
in lUf*<>n Factory. Transverse Section, 

of cast-iron Hanged {)ipes which are fixed overhead, preferably sus- 
pended from the ceiling, over the whole area of the chill-rooms and 
curing-cellars, ayd through which system of pipes brine cooled in the 
usual manner is circulated so as to lower the temperature of the rooms 
to about 40^^ Fahi By means of cocks provided on the different 
branch mains the speed of the flow of brine through the various 
circulations, and consequently the temperature of the rooms, can be 
regulated, and reduced, or increased at pleasure. In factories of 
moderate size the machine may usually be stopped at night and on 
Sundays, the cold stored up in the brine in the pipes being enough to 
20 
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keep the temperature of tlie room suiHciently low ; in very hot weather, 
and in very large eKtablishments, however, the maclune will have to be 
run continuously night and day. 

Both th(i chill or cooling rooms and the curing-cellars are fitted 
up ill practically the same manner ; the work in the chill or cooling 
rooms where the hot meat is cooled down is much greater in proportion 
to their size, however, and is moreover intermittent, coiisecjuently a 
proportionately larger numlxjr of brine pipes are placed therein, and 
the brine is turned on or off as the rooms ain; full or empty ; on the 
other hand the work in the curing-cellars is less and regular, and, 
therefore, a much smaller numW of brine pipes are required, the 
circulation of brim; being kept up all the time the machine is running, 
and a perfectly steady and even temperature maintained. 

The reason that artificial refrigeration is now imperatively required 
in bacon-curing works is on account of the demand that has arismi for 
mild-cured bacon. Formerly the pigs, after being killed, were cooled 
sira'ply by exposure to the atmospheric air, being subse(j[uently cured 
in underground cellars at the temperature of the ear'th, or from 52“ to 
55“ Fahr. In order to prevent the rapid decomposition, and con- 
sequent taint of the bacon which would otherwise in(;vitably occur at 
these comparatively high temperatures, the latter was charged with an 
excessive amount of salt as a preventative. This excessive salting was 
indispensable in summer especially, when, indeed, curing was almost 
prevented, although bacon at that season is in the greatest demand, 
and the highest prices are obtainable. The modern requirement, 
however, for more and more mild-cured bacon has rendered absol- 
utely necessary an artificial reduction of the .temperature of the chill- 
rooms and curing-cellars. 

The first attempts in this direction were made by constructing the 
cellars with iron ceilings, on the tops of which were stored large 
quantities of ice, a system which is found to be, when properly carried 
out, sufficiently effective, but is very expensive, not only by reason of 
the first cost of the iron ceilings and the necessary supports, but al»o 
by reason i>f the space occupied by the ceilings and ice chambers, 
furthermore on account of the large outlay entailed for the ice 
itsedf, and the labour of handling it. There is, besides this, the risk 
of the supply of ice running short in the hot weather, with, of course, 
disastrous results. 

Fig. 204 is a horizontal section showing a plan of a small cold 
storage chamber of 1,000 cub. ft. capacity, adapted for the ut^ 
butchei*s, &c. ' The refrigeration is effected by a Haslam cold-air^ 
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machine, of 6,000 cub. ft. per hour capacity, arranged to be driven 
direct by means of a gas engine. A is tlie gas-engine cylinder, n the 
air-compression cylinder, and c the expansion cylinder. Tlie air-com- 
pression cylinder n is arranged horizontally in front of, and in line 



with, the cylinder A of the gas motor, and the expansion cylinder c is 
placexl vertically, and works a disc secured upon the opposite end of 
the crankshaft from the fly-wheel. 

The advantages of a gas motor for driving the small cold-air 
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machine retj[iiiro(I for an installation of this description are obvious, 
and coniiirisi' ; noivinciTNise of fn*e insui-ance preniiuin, and ability to 
start th(‘ machine at any time, witlujut having to wait to get up the 
necessary sb^ani pressure in a boil(*r, as must b(^ done in the case of a 
steam-driven cold-air machine, and, moreovau*, (except where gas is at 
an abnormally high pi'ice, a considerable economy in cost of running. 

Fig. 205 is a p(a‘Hp(H;tiv(‘ view, the end wall and a portion of the 
front wall Inung removed, showing a small cold stoi’e or chamber, 
refrigerated liy means of a Puplett patent atninonia compression 
machiiK', which cha-mbm* is especially designed for butchers, bacon- 
curers, dairymen, fish and game dealers, S:c. Chambers of this 



Fig. 2()j.— Sguill Cold (Store lor Butchers, &c., Cooled by an Amnioiiia 
, Compression Machine. 


description are constructed with an outer and an inner skin, each of 
y^hich is cojnposed of two layers, of 1-in. tongued and grooved boards, 
put together perfectly air-tight, and having an intervening space oi* 
clearance of about 8 in., filled with charcoal, cork, or other good non- 
conducting material. The dimensions of the chambers, as usually 
constructed, vary from a storage capacity for frozen meat of 6 to 50 
tons or more, and theii* daily meat-cooling capacity to 32“ Fahr. runs 
from 20 cwt. up to 200 cwt. or more. ^ 

In Fig. 206 is shown in vertical section a small cold storage room 
cooled by a Triumph ammonia compression machine, which would be 
suitable for an hotel or private residence. A plant of this description 
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can be readily operated by an ordinary jnan witlioiit the ladp of a 
skilled attendant, and would onW require about an liour’s attention 
durinjuj the day. The brine tank shown in the dravvini^ kc'ops tbe refri- 
geratt)r or cold storage chainb(‘r (;old during tlu'. night. The com- 
pressor, which is of the double-acting hoi'izontal typ(‘, is mounted upon 
a strong tank forming tlui condenser, and can b<^ operated by any 
available source of power, A d(^scription of the Triumph compressor 
will be found in the ehaptt‘r upon “ Ammoni.a Compression Machines.” 

Fig. 207 d(!picts the arrangement of a on(‘-ton iet'-making and 
refrigerating plant in an hotel, in which, it will b(‘ seem, a numb(U’ of 
separate cold storage rooms or ehambei-s for different classe^s of pro- 



Fig. 2(M). — Siimll Cold Storage Room for Hotel or Private Rosidonoe. 
Vertical Section. 


visions are jirovidcMl, Tliis installation is c(K)led hy an ammonia com- 
pression machine made by the A. H. Barber Manufacturing C^i., 
Chicago, which type is also described in tlu* cliajiter mentaoned above. 

Tt is usually advisable to provide in tbe kitchen of an hotel, or 
adjacent thertito, a short order box, which enables tlie too frequent 
opening of the main cold storages room or chamber to be avoided. 
This box imy cooled by a .set of pipes, thi'ough wliich the cold 
brine, or, when direct expansion is oinploytHl, the refrigerating gas or 
medium, passes on its return to the machine after doing duty in tbe 
main cold store or chamber. , 

Arrangements can also be inaile for cooling carafes, freezing ice 
creams, and cooling the bar box. 
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The eold Htf)rage room in an hotel does not, of course, differ mate- 
i^ially in any respect from any other, but the peculiar requirements of 
an hotel, and the great difficulty experienced in getting the servants 
to understand the necessity for judicious and careful management, are 
frequently very great. 

To avoid tlie undue admission of heat to such cold storage rooms 
or (diarnbers by careless persons leaving the doors open, and to render 
it impossible for anyone using tlu^ cold storage room to do this under 
any circumstaiices, the author has devised the door shown in horizontal 
section in Fig. 208, and in vertical section in Fig. 209. 'rhis door is, 
it will be seen, of a cr(vsc(‘nt or semi-cylindrical form, in horizontal sec- 



Fig. 2^)7. — Cold Storage Rooms and Ice-Making Plant in Hotel. 
Perspective View. 


tion, and is mounted upon a central axis, so as to be free to turn 
or rotabj* easily thereon in a suitable casing having two apertures^ 
the one opening into the cold storage chamber and the other to <thc 
exterior, and between the inner surface of which casing aijd the outei 
surface of the door an air-tight joint is made by means of strips oi 
" india-rubber, felt, or the like, or by spring-actuated rubber or felt 
. faced strips, &c. 

4 To use this door the aperture or opening admitting to the interim 
of the same is brought opposite the one or other of the aperturei 
or openings in the casing by revolving the door upon its axis, spnl 
handles adnptting of its ready manipulation. The person desirin| 
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to pass tlirough then steps inside the hollow semi-cylindrical door 
and rotates it until the aperture or opening thereof coincides with 
the other or second aperture in the casing, wh(ui he can pass out 
through the latter. 

Shelves in the interior of the door admit of a number of dishes 
being placed thereon and moved into thc! cold storage chamber at one 
operation, (U’ of being turned so as to communicate with the cold 
storage chamb(u’, and brought back again when required. 

It will be seen that it is impossible to turn this door so as to open 
a through communication between the interior of the room and th(5 
exterior, and tlie interchange of air at each op(uiing of th(^ door is 
consequently limited to the cubical contents of th(‘ hollow or semi- 
cylindrical door itself. 

Ventilation of Cold Storage Chambers. 

The ventilation of cold storage rooms can be efFi'cted in a number 
of different ways, but as a general rule no provision whatever of a 
special nature is made for the removal of the vitiated air, it being 
considered that sufficient change of air is brought about by tbe opening 
of doors, &c. In fact, as removing any of the cold air entails the 
necessity of replacing same by more air at the same low temperature, 
and thereby necessitates additional refrigeration, there is the same dis- 
like to ventilation as exists in they case oi a warm room wht're ventila- 
tion demands the admission of the cold external air, and tlu^ expendi- 
ture of more fuel to heat it. 

The various expedients resorted to for the ventilation of cold 
storage rooms comprise, in addition to the opening of doors above 
alluded to, the occasional opening of windows, where such exist, the 
provision of ventilating shafts in the ceilings, and, what is perhaps 
the most efficient, by artificial means, through an exhaust fan connected 
through suitable pipes — fitted with doors or valves -with the cold 
storage room. 

When ventilating shafts are provided, and there are. a number of 
cold storage rooms contained in the same store, the ducts or pipes 
may be placed in the corridors, each room being connected thereto 
through a pipe with a valve or damper so as to enable the amount of 
ventilation to be properly regulated, and the various ducts or pipes 
from the corridors having a common termination in the chimney stack, 
whith latter provides a means for efficiently ventilating the roonvs at 
all times. » 
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It must be remembered tlmt in cold stoni^e rooms or eliambers the 
air, being cold, sinks to tlie bottom, and that the tendency is tlierefore 
for it to (‘scap(' through the crevic(‘s about tlu' doors, or wlien the 
latter are opened, and thereby (UTiate a dowiedraught so as to render 
any attempt to ventilate by means of a short shaft without artificial 
means to produce an air curnuit abortive. 

Moisture has the property of absorbing gases and impurities, and 
cons(HjU(*ritly the moisturi* in the air of a cold storage i-oom will take 
up all the emanations from the stored products. It follows, therefore, 
that if th(' air be subs(‘quently relieved of its moisture it will be prac- 
tically purified, as most of these gas(‘s can be rmnoved. 

All atrnosjiheric air contains thi' gimns of fungus or mould, which 
gei'ins are viTy rapidly developed under such favouralile conditions as 
the presence of a large amount of moisture in the aii', and high tem- 
piiratures, but are destroyed <ui<l removed fi’om air in a dry and cold 
condition. This moisture can only be I’emoved by ensuring a proper 
circulation of the air of a cold storage room relatively to the articles 
stored tlu'rein and the refrigerating pipes or other cooling surfaci's. 

•Circulation of Air in Cold Storaok Chambers. 

The circulation of air in cold storage rooms or chambers is a 
matter of primary importance, and one which in too ,iany cases does 
not rec('ive the attention which it deserves, with the l•esult, more 
espc'oially in the case fif small rooms or chamlji'rs, that the condition 
of th(^ atmospluin^ is anything but satisfactory, and great difficulty is 
e-vperienced in ki'Cping provisions in good condition in them. 

There are two main systems of air circulation in use, viz., the 
gravity air circulation and4}he nu'chanical or forced aii‘ circulation. 

The fidlowing particulars are extracti'd from three interesting and 
instructive! arlb'les by Mr Madison (’ooper, a well-known expert upon 
refrigerating matters in the United States, and which articles appeared 
in the American jouimal Ice rntd Refri(jeration^ for May, June, and 
August 1904. 


“Methods of Pipino that Hinder Circulation. 

“ When mechanical refrigeration first came into th(! field, the 
arrangement of cooling surfaces and a provision for air cii'culation was 
neglected about as it was by the pioneers in natural ice refrigeration. 
The cooling pipes were phiced almost anywhere, regardless of the laws 
of gravity which con tr. 4 air circulation. At first the ceiling of the room- 
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vas a favourite place for locating the coils of pip^s for cooling the room. 
The ceiling was utilised because thus the pipes were out of the way 
in piling up g(K)ds, and also on the theory that ‘cold would naturally 
drop.’ Cold, or, more accurately speaking, cold air, will naturally 
drop, but placing the pipes on the ceiling of a room will not assist the 
circulation ; it will, in fact, produce practically no circulation at all 
if the whole ceiling of the room is covered with pipes uniformly. 
Ceiling pipes h«ive generally been abandoned for tlu^ more rational 
method of placing the pipes on the sid('. walls of the room. 

“Fig. 210 shows ceiling piping, and should make plain why no 
circulation is created when the pipes cover nearly the whole top of 



the room. As is well known, cold air is heavier than warm air and, 
if free ta move, the cold air will seek a lower level than the warm 
air. This movement of the cold air downward and the warm ^ air 
upward is what is known as gravity air circulation. A slight difference 
in the temperature will cause a circulation of air if the warm and cold 
air are separated from each other and not allowed to mix, which would 
cause counter-currents and retard the circulation. In a cold storage 
room the air in contact with the cooling coils, as it is cooled, flows 
downward towards the floor by reason of its greater specific gravity. 
The comparatively warm ah’ above^is drawn down to the pipes, where 
it is in turn cooled, and the flow is continuous. If the entire ^ilin^ 
is covered with pipes, what results ? The air in contact with the 
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pipes cannot fall because it cannot be replaced by warm air from 
alx)vc. The result is that practically no circulation of air Ukes place 
in such a room. A slight local circulation in the vicinity of the pipes 
is all that results, except under unusual or accidental conditions. The 
goods are cooled for the most part by direct conduction and radiation ; 
the top tier of goods would be cooled directly from the pipes and each 
tier under successively from its neighbour above in the same manner. 

‘'Goods are cooled by radiation by the passage of heat from the 
goods directly to some colder object, without the heat being conveyed 
by the movement of the air, as it should bo, and as it is where a good 
circulation is present in the room. Tn a room in which the goods 
are cooled by radiation mostly, the moisture instead of being deposited 
entirely on the cooling pipes, as it should be, is also likely to be 



Fig. 21 1. -Diagram showing Gravity Air Circulation in Cold 8torage Room or 
Chamber, with Side Wall Piping. 

deposited on the walls of the room or on the ';oods themselves. Tlie 
result of such a condition would be serious. This cooling by radiation, 
as compai’ed with cooling by a circulation of air, may seem like a very 
finely sptin theory to some, but let the sceptic watch his house for a 
demonstration. Is there any practical cold storage man now in the 
business who has not noticed an accumulation of frost or moisture on 
goods if th^ were piled too near to the exposed cooling pipes ? What 
causes this result 1 Radiation, nothing else. 

“Th^^bad ell’ects of radiation cannot be altogether overcome by 
placing the pipes on the sides of the room, but it is counteracted to 
some extent by the resulting circulation of air. Fig. 211 shows side 
wall piping and the resulting circulation, which is confined largely to 
a small space near the coils. The arrows show approximately the path 
of circulation. If the room is wide, no circulation at all will take place. 
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near the centre. Tn some cases pipes have bc^en carelessly placed two 
or thre(^ feet down from the ceiling. This results in the air of the 
room becoming stratified— a warm layer of air in the top of the room 
resting on a cold layer beneath. This may he opiu'ativc' to such an 
extent as to cause a difh'.rence in temperature between floor and ceiling 
as great as 10“ Fahr. A case has come to the writer’s notice with 
exactly theses conditions. Another had arrangenumt of side wall 
piping was that of a room more than 50 ft. s((uar(i pipinl completely 
around on the side walls from flo(»r to ceiling, with the exce[>tion of 
the doors. No cii’culation could penetrati‘ to the centre of sucli a room, 
and conditions were very poor in consequenc(‘. 

“Means roii Tmpkovino Air Circulation. 

“ The placing of a screiui or apron in front of the side wall luping, 
as illustrated in Fig. 212, marks the first sinentific step toward a better- 



Fig. 212. — Diagram showing Gravity Air Circulation in Cold Storage Room or 
. Chamber, with Screened Wall Piping. 


ment of air circulation in a room with direct piping. It prevents the 
action o^ radiation, and assists the volume, velocity and area of circula- 
tion, but does not well take care of the centre of the room, although the 
increased velocity forces the air to cover a greater area and flow to 
a greater distance from the coils. The screen or apron should be of 
wood or any moderately good non-conductor. By separating the 
warm from the cold currents of air, the velocity is increased on the 
same principle that a fire burning in a flue creates a greater draught 
thefn when burning in the open air. Radiation is prevented in the 
same way that a fire screen protect;^ one from a too hot fire in a grate, 
only the radiation, as already explained, is in a reverse direction. ^ 

“ Shown ‘in Fig. 213 is the same arrangement of screen or apron as 
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in Fijj;. 212, bu1> added thereto is a false eeiling extcniding out towards 
the centre of tlu^. room. This addition t-o thi' perpendicular apron 
causes the air, after circulating over the coils, to sju’cad out more 
towards the centre of the room sind co\er the cross-sectional area much 



Fig. 21;F — Diagram showing (liavit., Air ('irculatimi in Cold Storage Koom or 
Cliamher, with Scieoned Side Wall Tiping and Ceiling Fxtensions. 

iiioi'e uniformly. While it' d(‘creas(*s the velocity proportionately, it 
is consideind a superior arrangement to the pcu’piaidiculai’ api’on alone, 
placiKl ill fnmt, (.if the coil. The false eeiliiij{ should have a .slant of 
about 1 ft. ill 10, and the opeiiiuj; on the outei- edge neai' the 



Fig. 'in.-Diaguim showing Gravity An Oiruulation in Cold .Stoiago Kuom or 
Cliamher, with Gay’s arrangement of Piping. 

centre of room need not lie over 3 or 4 in. in depth in most cases. 
Without the false ceiling some space must be left for a circulation 
of air at the top of the room ; witlj it, the goods may be piled close 
up to the false ceiling, so no space of consequence is wasted in 

“The arrangement shown in Fig. 214 was first originated by Mr 
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1 M Gay, as was deHcril>eci in the August 1897 issue of Ice and 
Refrigeration, Rarring the space occupied, it is by far the best 
brrangement of room piping now in use. The following is quoted from 
Gay’s description : ‘ Upper pipes of box coils should l^e about 
.0 in. below ceiling of room, to prevent sweating. When brine or 
Lminonia is turned into these pipes the cold air around the pipes 
,eeks an outlet downward, and passes between the false partition and 
he side wall of the room, thus displacing or pushing along the air 
n centre of room, the cold air naturally seeking the lowest point, 
ind the warm air the highest point, each by reason of its relative 
jravity. Thus, as th(i cold air falls from the cooling surfaces, it 



Fig. 215. — Diagram showing Gravity Air Ciiculatioii in Cold Storage Room or 
Chamber^ with the St Clair Pipe Loft System. 

is replaced ‘by the warm air from highest point in centre of room. 
This secui^s a natural circulation and a dry room, there being no 
counter-currents nor tendency to precipitate moisture on walls or 
ceiling.’ Mr Gay’s remarks regarding his system apply vith still 
greater force to the St Clair system, and to a greater or lesser extent 
to any systm which provides for a removal of the cooling pipes from 
the room. 

“The St Clair system, illustrated in Fig, 215, is sometimes called 
the pipe loft system, because the^ cooling pipes are placed above the 
storage room in a pipe loft or coil room. This is a favourite arrange- 
ment where aA overhead ice cold storage house is equipped with the 
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mechanical system. In this case the pipes are placed in a portion of 
the old ice-room, and peihaps the old air ducts used for air circulation. 
If the storage house consists of several floors of storage, the pipe loft 
may be placed at the top and the rooms below all cooled from one 
pipe loft, but a much better method is to have an ind(*pendent coil 
room for each room, and circulate the air through sei)arate air ducts. 
This prevents contamination from foreign odours when dilierent 
products are stored in different rooms. 

“ The circulation is more vigorous and effective with the Jst Clair 
system than with any pipe-in-the-room system, depending on the law 
that the high(*r the column of air the stronger the draught, in the same 
maimer that a tall chimney gives a stronger draught than a short one. 
The effect of this is to produce a good circulation of air with a com- 
paratively small variation of temi)eraturo. The St Clair system is 
also lH>tter because by suittible t.a})-doors on the air ducts the pipes 
may be .Tut off fi’om the room, when tin; temperature is such outside 
as not to requires the circulating of the refrigerant. The necessity of 
keeping i he air of a storage room from contact with the frosted pipes 
when the refrigerant is shut off will be considered in connection with 
the forced^K fan circulation system, to l^e described further on. 

“Mechanical or Forced Air Circulation. 

“The sim[)lo8t, and probably the most unscientific, form of 
mechanical air circulation in cold storage rooms is the small electric 
fan. These fans are of the four or six-bladed disc tyi)e, of from 12 
to 18 in. diameter, attacliid directly to the shaft of an 1 or J H.P. 
electric motor. Tlie electric current for operating is usually obtained 
from the socket for an incandescent electric lamp. Electiic fans are 
usually placdl on the fl<»or in the end of an alleyway, or in an opening 
in the piled goods, and are used for creating a flow of air from one 
extremity of the room toward the other. If the circulation is strong 
enough, these fans tend to create a uniform temi>erature in the room ; 
but, as the air from the fan will follow a path of least resistance, the 
circulation resulting from their use is largely confined to the alleyways 
.and openings in the piles of stored goods— it does not penetrate 
through and behind the goods where it would be most useful. 

“ The use of this type of fan in cold storage rooms is of doubtful 
utility, and is liable at times to lead to a positive harm by causing a 
condensation of moisture on the goods in storage, as a result of the 
warm upper stratum of air coming in contact with the cold goods m 
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th(' bottom of the room. Tn some eases electric- fatis have been used 
to propel the aii* from the coolini^ pipes, for which purj)ose they are 
placed in an o])ening in a screen or manthi coveidng the pipes, foi’cing 
the cooled air outwardly into tlie room. This is a first step toward 
scientific forced circulation, and is useful as far as it goes. In many 
cases the electric fan is useful only as a ‘talkijig ])oint,’ as it is lik('Iy 
to impress a p(U’son wlio is not familiar with cold storage work, with 
the (iooling powe;r of the refrigerating apparatus, to stand for a few 
sec.onds in tlu^ Im^e/e created by one <if these high-speed fans. Their 
use has been adopted to an extent not at all warranted by the results 
to be obtaiiK'd, and they will no doul>t be gradually discontinued as 
the fallacy of the idea becomes apparent. 
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Fig. 216.— Diagram showing Mechanical or Forced Air Circulation, with Air 
forced into the Room at each end, and drawn out at centre. 


“ Those who ust^ electric fans as above described, by so doing admit 
the superiority of forced circulation over the gravity system, and also 
• admit that their rooms arc in bad condition, and that some mechanical 
means of agitating or circulating the air is necessary. Instead of subh 
a poor makeshift, it seems that they will eventually be forced to instal 
.a scientific system of forced circulation. 

“A system which has been installed in several large houses in the. 
United States, and to some extent elsewhere, consists in placing the 
refrigerating pipes outside the storage room, and using a fan to propel 
the air to and from the room. fig. 216 shows a floor plan of a room 
so equipped. The air is forced into the room at each end, and the 
return air to -coil-room drawn out in the centre as shown. The cold- 
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mechanical system. In this case the pipes are placed in a portion of 
the old ice-room, and peihaps the old air ducts used for air circulation. 
If the storage house consists of several floors of storage, the pipe loft 
may be placed at the top and the rooms below all cooled from one 
pipe loft, but a much better method is to have an ind(*pendent coil 
room for each room, and circulate the air through sei)arate air ducts. 
This prevents contamination from foreign odours when dilierent 
products are stored in different rooms. 

“ The circulation is more vigorous and effective with the Jst Clair 
system than with any pipe-in-the-room system, depending on the law 
that the high(*r the column of air the stronger the draught, in the same 
maimer that a tall chimney gives a stronger draught than a short one. 
The effect of this is to produce a good circulation of air with a com- 
paratively small variation of temi)eraturo. The St Clair system is 
also lH>tter because by suittible t.a})-doors on the air ducts the pipes 
may be .Tut off fi’om the room, when tin; temperature is such outside 
as not to requires the circulating of the refrigerant. The necessity of 
keeping i he air of a storage room from contact with the frosted pipes 
when the refrigerant is shut off will be considered in connection with 
the forced^K fan circulation system, to l^e described further on. 

“Mechanical or Forced Air Circulation. 

“The sim[)lo8t, and probably the most unscientific, form of 
mechanical air circulation in cold storage rooms is the small electric 
fan. These fans are of the four or six-bladed disc tyi)e, of from 12 
to 18 in. diameter, attacliid directly to the shaft of an 1 or J H.P. 
electric motor. Tlie electric current for operating is usually obtained 
from the socket for an incandescent electric lamp. Electiic fans are 
usually placdl on the fl<»or in the end of an alleyway, or in an opening 
in the piled goods, and are used for creating a flow of air from one 
extremity of the room toward the other. If the circulation is strong 
enough, these fans tend to create a uniform temi>erature in the room ; 
but, as the air from the fan will follow a path of least resistance, the 
circulation resulting from their use is largely confined to the alleyways 
.and openings in the piles of stored goods— it does not penetrate 
through and behind the goods where it would be most useful. 

“ The use of this type of fan in cold storage rooms is of doubtful 
utility, and is liable at times to lead to a positive harm by causing a 
condensation of moisture on the goods in storage, as a result of the 
warm upper stratum of air coming in contact with the cold goods m 
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found conditions absolutely uniform, the writer for himself saw a 
temperature variation of two degrees, and this between two thermo- 
meters hung in the centre alley of room at the same height from 
floor, and without any extraordinary conditions to cause such a varia- 
tion. The real difference in temperature in this room between the 
coldest and warmest point could not have been less than five or six 
degrees. 

“The longitudinal section of a room shown in Fig. 217 illustrates a 
system of forced air circulation which has been installed to a moderate 
extent, but has not become as well established as the one first 
described. A false ceiling is provided for distributing the cold air 
from cooling coils at the top of the room, but, as with the system just 



Fig. 218.— Diagram showing Mechanical or Forced Air Circulation, with Air 
admitted at sides of Ceiling, and drawn out at centre thereof. 


described, no collecting ducts are provided for the purpose of uni- 
formly removing the air from the room. The air from coil-room 
■ comes into the room through narrow slit-like openings in the Wse 
oeiUng, and is returned to the cooling coils through and by the ffisc 
fan located in the partition between coil-room and storage-room. 
♦ It would seem that this is working counter to the natural laws of 
gravitatioi^ although it may be looked at in another light also. 

*Mt ia often remarked that ‘cold will naturally drop, but this 
ahn iild not confuse us when studying the means for promoting circula- 
, 'tfon. If the cold air is admitted to the room at the top, it will of 
floursefall to the floor if allowed to do so; but why admit the cold 
: air at the toji of the room if it is wanted at the floor? In a room 
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fitted with direct piping the cold air does not drop through the goods in 
storage, but down over the cooling coils, and rises through the goods in 
storage as it is warmed. It would seem, then, that any method of 
distributing the cold air at the top of the room is wrong in principle, 
especially as no means of uniformly drawing off the air at the bottom 
of the room is provided. When warm goods are placed in a room 
equipped in this way, the moisture given off as the gtM^ds are cooled 
must be very liable to collect on the cold false ceiling. To provide 
uniform temperatures and humidity with this system it is necessary 


to provide a very strong blast of air, 
directly in front of the fan may be 
influence. 

“The arrangement of collect- 
ing and distributing air ducts 
shown in the cross section of room. 
Fig. 218, has been installed in a 
number of houses in America, and, 
like sovie of the others, depends 
on the ‘ cold will naturally drop ’ 
theory fo. its operation. The 
arrows show the natural tendency 
of the air circulation from the 
cold air ducts on the sides of the 
room to the warm air collecting 
duct in the centre. In some cases 
the cold air is distributed in the 
centre and collected at the sides of 
the room, and where the room is 
narrow only two ducts are used, as 
in Fig. 210, a cold air distributing 
duct on one side of the room and 
opposite side, In every case the 
on the theory that the air from co 


which is to be avoided, as goods 
oxp(»sed to too great a drying 



Fij(. 219. —Diagram showing Mechaniisal 
r)r Forced Air Circulation, with Air 
admitted at one side of Ceiling, 
and drawn out at the other side. 

a warm air collecting duct on the 
ducts are placed at the ceiling, 
Id air duct will drop and distribute 


itself along T;he floor before being drawn back to the coil-room 
through the return duct. The openings provided in the air ducts of 


this system arc usually square openings, fitted with sliding gates to 
regulate the flow of air into the room and its return to cooler. These 
gates are placed 5 or 6 ft. apart, consequently a good distribution 
of air is not provided, and goods ‘exposed to the rapid flow of aii 
directly in front of the openings will get a much greater volume 
of circulation than is to be found in any other part of the room, 
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When a room of this kind is filled with goods, preventing the air from 
falling directly from the cold air duct to the fioor, no circulation oi 
consequence will be obtained near the floor, for the reason that air will 



Fig. 220.— Diagram showing Mechanical or Forced Air Circulation, with Air 
admitted at each side of Floor, and drawn out at centre of (foiling. 

travel through path of least resistance, almost directly from feeder 
duct to return duct, about as shown by the arrows. 

“ A method somewhat similar to the one just described is that in 
which the cold air distributing ducts are placed at the floor and 



Fig. 221.— Diagram showing Mechanical or Forced Air Circulation, with Air 
admitted at one side of Floor, and drawn out at other side of Ceiling. 

the warm air return duct is placed at the ceiling, as represented by 
the cross Sections of rooms, Figs. 220 and 221. In narrow rooms 
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one distributing duct is used as shown in Fig. 221. In wider rooms 
two distributini', ducts on opposite sides of the room at the door are 
used, and one collecting duct at ceiling in centre of room. This 
arrangement has the merit of operating according to the laws of 
gravity, but still lacks the thorough distribution of cold air and 
collection of warm air, as shown in the system described further 
on. It is, however, considerable of an improvement on any of the 
preceding methods, and the writer has demonstrated in actual service 
that it will pi-oduce fairly uniform circulation and temperatures with a 
coniparatively gentle tiow (jf air. This system is to be recommended 
for goods which do not give off much moisture. It is preferable to use 



Fig, 222. — Diagram showing Mechanical or Forced Air Circulation, with Air 
admitte<l at tv-*' Ducts on each side of Wall, and drawn out through Perforated 
False Ceiling. 

numerous small holes rather than a few large openings in the supply 
and return ducts. 

“The system .s]]own in the cross section of room. Fig. 222, was 
developed by the writer (Mr Cooper) after some experiments, and 
has since been improved by two successive steps. It was the old 
trouble of sluggish circulation, especially during the fall and winter, 
which impelled the writer to experiment for its betterment. As an 
improvement over the small electric fan already mentioned, an 
exhaust fan ^as fitted up to take air from the cooling apparatus 
and deliver it to the rear end of tlie room through a perforated duct. 
The air was allowed to find its way back to the coils as best it 
could. 

“ This method was applied to a long narrow room, and certainly 




326 REFRIGERATION AND COLD STORAGE. 


was a decided improvement over the sluggish natural circulation which 
it superseded. Following this, the perforated fa;l8e ceiling was applied, 
with distributing cold air ducts on the walls, as shown in Fig. 222. 
The cold air from coil-room was forced into small holes in the top, 
bottom, and sides of the cold air ducts. The warm air from the 
room flowed upwards through the small perforations in the false 
ceiling and through the space between the ceiling of the room and 
false ceiling, and thence to the coil-room, where the air was 
cooled, and caused to repeat the same circuit continuously. The first 
apparatus was clumsy, and the proportions of the various parts not 
correct, but the efficiency of a forced circulation of air, and a thorough 
distribution and collection of the incoming and outgoing air of a cold 
storage room so plainly proven, that a further development of the idea 
was undertaken. 

“It was demonstrated by above-described experiments that a 
comparatively small amount of air well distributed and uniformly drawn 
off at the top of the room after flowing upward through the goods in 
storage, would produce very uniform conditions throughout the entire 
area of the room. Following up this information the apparatus was 
reduced to a more practical form by substituting one broad duct near 
the floor, as in Fig. 223, for distributing the cold air, in place of the 
two distributing ducts as used in the apparatus shown in Fig. 222. 

“ The top duct of the two did not accomplish any result of conse- 
quence, and was considered objectionable, as the air passing from this 
duct to the false ceiling did not percolate through the goods to any 
considerable extent, and resulted practically in a loss of the work 
done by the air flowing from the top duct. Two ducts also made the 
apparatus more complicated. Using the broad single distributing 
duct near the floor in combination with the false ceiling resulted in 
very penetrating and uniform circulation of air, and in practical service 
it has been found to produce superior results. 

“^No practical objections have been urged against it. As shown 
by the arrows, the air is caused to cover very uniformly the entire cross- 
sectional area of the room. This was accomplished by perforating 
the distributing ducts with small holes, and so proportioning them 
that a larger part of the flow of air is from the bottom of the ducts. 
The ducts are also perforated to some extent on sides and top. By 
yelling the goods a few inches off- the floor the air from bottom of ducts 
flows under the goods and out to centre of room. This action is 
also assisted by having the greater number of the perforates inlalse 
' ceiling in the middle third or quarter of the room, so as to ffrai^ the 
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air out from sides of room. As indicated by the arrows, the air 
moves up from the distributing duct, is drawn into space above false 
ceiling, and returned to coil-room to be cooled. 

“ The system described in the foregoing paragraph is nearly theo- 
retically perfect so far as a uniform circulation of air is concerned, 
and a more thorough method than any of its predecessors, but it still 
remained to design the perforated false floor and false ceiling combina- 
tion, Fig. 224, to produce a system which cannot be improved upon 
theoretically. Not only is the system theoretically perfect, but its 
practical application is so simple aa to be unobjectionable. As shown 



Kig. 223,— Diagram showing Mech inical or Forced Air Circulation, with Air 
admitted at one broad Duct on each Side Wall, a.id drawn out through Per- 
forated Ceiling. 

clearly by the sketch, the flow of air is directly upward from floor to 
ceiling, consequently all goods piled in such a room are exposed tq 
exactly the same conditions as .to circulation, temperature, humidity, 
and purity of the air. In a room equipped with this system, with th© 
parts correctly proportioned, it is entirely safe to pile goods closely, 
only allowing a fraction of an inch between the packages and at sides 
of room and placing thin strips beneath the goods to allow air to flow 
from perforations in false floor. 

“Where, in rooms fitted with* direct piping and some of the fan 
systems as well, a large space must be left at floor and ceiling for a 
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circulation of air, with this system goods may be piled close up to 
ceiling leaving only half an inch for the air to flow into perforations in 
false ceilings. As the space occupied in height by false floor and its 
space underneath is only 1| in. and that occupied by false ceiling 
only IJ in., it will be apparent that much space will be saved 
by using this system. After a room is filled with goods and cooled 
down to the cori’ect carrying temperature, no difiference in temperature 
can be noticed in different parts of the room. No blast of air can be 
felt in any place, a gentle flow from perforations only is noticeable, 
therefore no particular plac(5 has more circulation than another to 



Fig. 224. — Diagram showing Mechanical or Forced Air Circulation, with 
Air admitted through Perforated Floor, and drawn out through Perforated 
Ceiling. 

cause a drying out of the goods. The advantages of this system over 
any of the others may be summed up as follows : — 

“1. A more equal distribution of air, especially when the room is 
filled •with goods. Goods in centre of room are exposed to the same 
temperature, circulation, &c., as those at sides. 

‘‘2. Saving in space, as it allows the room to he filled full of 
goods without leaving large spaces at top and bottom for a circulation 
of air. 

“ 3. Where the air is so perfectly distributed and collected it is not 
necessary to circulate such a "large volume, saving in power and 
lessening the liability of evaporation of goods.” 
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Insulation. 

Btisicles being non-coiuluctive, a gfXKl insulating material should be 
non-odorous, non-hygroscopic, or delicpieseent, not liable to silt, both 
vermin and fire proof, and inexpensive. 

The efficient insulation of a freezing-room or of a cold store, or 
refrigerating chamber, is a matter of very great importance from an 
economical point of view. This will be ai)parent when it is remembered 
that when once the contents of the cold store or chamber are reduced 
to the requisite bunperature, the entire work nxiuired of the refriger- 
ating machine will be only that which is necessary to neutralise the 
heat that passes through the walls, floor, and ceiling from the exterior. 
Conseciuently, the more perfect tlie insulation, the less the machine will 
be called upon to work, and naturally in a corresponding ratio also 
will be the saving effected in fuel, wear and tear of the working parts, 
and in attendance. 

The means adopted for insulation consist in lining the room, or, 
in the case of a marine installation, the hold of the vessel, with some 
material forming a very bad conductor of heat. The exact metluid 
of carrying this out, as also the nature of the non-conducting material 
employed, must necessarily be considerably varied according to the 

circumstances of each particular case. 

Mr Lightfoot recommends as a fairly good protection an outer 
and an inner layer of tongued and grooved boards^ 1 i"' o'- ^ 
thick, with a 9-in. space or clearance between them hllod with 
charcoal, or in some cases preferably with silicate cotton or slag-wool. 

In France and Germany cork is used with marked success as a non- 
conductor, and it is evidently a mbstonce, exceedingly suitable for the 
purpose in question, being a material very im^rvious to heat, and 
LpLle of withstanding moisture. Either ordinary cork cut inte 
Z slices, or refuse or waste cork, from other industries, thoroughly 
ground up or disintegrated into a coarse powder, is ^ 

forlr beLg the best but the most expensive. In New Zealand and 

-beste. cotton-wc.1 J.pk 
wool pine-wood, loam, gas works breeze, coal ashes, sawdust, hair felt, 
ramibLkZca, pap rffine cinders, pitch, &c., are likewise employed 

ol taitU. A n.„to of “r-- 

1 and used as heat insulators, amongst winch may be 
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binding material; composition of kieselguhr from German mines, 
with 10 per cent, of binding matter, such as fibre, and mucilaginous 
extract of vegetable ; cement composed of blue clay mixed with flax ; 
jute an<l woollen waste, or cow’s hair, in equal proportions; fibrous 
composition of fine blue clay mixed with flax, hemp, rope, jute, cow- 
hair, and woollen waste ; and a papier m^che composition composed of 
paper-pulp mixe/1 with clay and carbon, together with hair and 
fragments of hemp-rope. 

In choosing a substance other considerations besides its good 
insulating powers must be taken into consideration, such, for instance, 
as its capacity for withstanding moisture. This latter quality is of the 
utmost importance, inasmuch as at very low temperatures moisture 
from the air is very readily absoibed by many substances, and fer- 
mentation, rotting, and decay will result therefrom. It is for this 
reason that cork forms so desirable a material for insulating purposes, 
although surpassed in non-conductibility by some others. For a like 
Reason pitch, or some form of enamel composed of bitumen and other 
ingredients, is found to be very valuable. Lampblack is claimed to 
be a very good material for insulating purposes in railway and other 
portable refrigerating chambers by reason of its lightness and elasticity, 
and more particularly on account of its non-liability to pack from jolt- 
ing, and complete imperviousness to moisture. This material is the 
one employed by Henry Carr Godell, in his patent (1884) movable 
refrigerating chamber. When it is desirable to increase the elasticity 
and reduce the cost, he sometimes uses a mixture of either short fibre 
or scales of mica. 

Whatever the filling material that may be employed for insulating 
purposes, however, it should always be borne in mind that the more air 
that is enclosed with between the walls or skins the better, for it is 
a well-known fact that the best non-conductor of heat is dry air, the 
units of heat transmitted per square foot per hour, through a layer of 
confined air of 1 in. in thickness, being about *29. 

When charcoal is employed it should be well dried, and pacl^d as 
nearly as possible to a consistency of 1 1 lbs. per cubic foot. Silicate 
cotton or slag- wool is usually packed to a consistency of about 12 lbs. 
per cubic foot, one ton equalling about 187 cub, ft. Some engineers 
prefer, however, to use 13 lbs. per cubic foot. 

■ The following table, from expedments by Peclet, gives the amount 
of h^t in units transmitted per square foot per hour, through various 
substances, in plates or layers of 1 'in. in thickness, many of which itre 
suitA*ble for insulating cold-air or refrigerating chambers. The ^xperi- 
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ments were made by heating one side of the plates or layers by means 
of hot water, and cooling tlie other .side by cold water, the difference 
between the temperature of the two faces being V Fahr. 



11 

Units of 1 

Materials. 

Heat trans- I 


mitted. 

Gold - - - - 

625 1 

1 Platinum - - ■ - 

606 

! Silver - - . - 

595 

Copper . - - - 

520 

Iron 

230 

Zinc 

225 

Tin 

178 

Lead . . - - 

113 

Marble - ■ ■ 

24 

Stone - - - ■ 

14 

Glass - ■ - 

6-6 

Terra-cotta 

i-8 

Brickwork 

4 '8 

Plaster - - • • 

3-8 

1 Sand - ■ * ■ 

2^17 

1 Oak, against iJio grain or 


1 fibre - - - ■ 

17 

1 Walnut, with the grain or 


I fibre - - - - 

1-4 

Fir, with the grain or 


fibre . . - - 

1-37 


Materials. 


(lutta-percha - 
India-rubber - 
BrickduBt, sifted 
('oke, in powder 
Iron filings 
Cork 

Chalk, in powder - 
Charcoal (wood) in pow 
der 

Straw, chopped 
Coal powder, sifted - 
Wood ashes 
Mahogany dust 
Canvas, hempen, new 
Calico, new - - 

Writing paper, white 
Cotton and sheep’s wool 
Eiderdown 
Blotting paper, grey 


Unit* of 
Heat trans- 
mitted. 


1*37 

1-36 

1-33 

1*29 

1*26 

M6 

•86 

•63 

•66 

•54 

•53 

•52 

•41 

•40 

•34 


•31 

•26 


The quantity o£ heat in units, tmnsmitted through 1 wj. ft. of 
plate per hour, may be found thus: subtract the temperature of fte 
cooler side from that of the hotter side of the plate, then multiply to 
result by the number in the preceding table corresponding to toe 
material used, and divide the piWuct by the thickness of plate. Thus 
an iron plate 2 in. thick, having a temperature of 60 on one side and 
* 20x230 


80“ on 


the other, will transmit 80-60 


: 2,300 units of 


heat per square foot per hour * 

A series of five experiments t on radiation at low temperatures were 
conducted hy Raoul Pictet on the rate of heating of a body cooled to 
-170” Cent (-338° Fahr.), the surrounding atmosphere being at a 

temperature of +11° Cent. ( + 51-8 . „f milnburdi 

The refrigerators employed were cooled by a mixture of sulphur di- 

. Hutton. ‘‘WorksAtonagors’HaudWk^^tosby tokwo^ fc to 

t “Comptes EonduB de I’Acsdimie dc» Sciences, Pane, vol. c. 

1894. 



332 REFRIGERATION AND COLD STORAGE. 


oxide and carbon dioxide (Pictet’s special liquid), or by liquid nitrous 
oxide, their thermal capacity being considered in every case. In the first 
experiment the surface of the refrigerator was uncovered ; in the second 
it was encased in a sufficient covering of cotton waste to prevent the 
formation of hoar frost on the metal ; whilst in the third, fourth, and 
fifth series j)rote(;ting layers of 10, 25, and 50 centimetres in thickness 
were employed. 

The results showed that at extremely cold temperatures between 
- 170“ Cent. ( - 338" Fahr.) and - 100“ Cent. ( - 212“ Fahr.) a thick 
layer of cotton afforded ^)ut a slight protection. It was only between 
the temperatures of -20“ Gent. (-68“ Fahr.) and +10“ Cent. 
( + 50“ Fahr.) that the effect of the protecting layers became pro- 
portional to their thickness. 

In the opinion of Mr Pictet, bad conductors of heat are capable of 
absorbing, with considerable efficiency, the radiations from bodies 
at temperatures between -60“ Cent. (-140“ Fahr.) and +11“ Cent. 
(n+ 5T8“ Fahr.), but are ineffective as regards calorific vibrations at 
temperatures below -60“ Cent. (-140“ Fahr.). With other non- 
conducting substances, such as silk, wool, sawdust, cork, charcoal 
powder, and peat, the results were identical, and, as a rule, bad con- 
ductors appeared to be freely permeable to heat at low temperatures 
between - 100“ Cent. (- 212“ Fahr.) and - 170“ Cent. (338“ Fahr.). 

The table on the next page gives the results of tests'* undertaken 
by Professor Andrew Jamieson, M.Inst.C.E., for the purpose of 
determining the relative and absolute thermal conductivities of sub- 
stances used as lagging for steam boilers, for parts of steam engines, 
and for refrigerating machines. The method adopted was to observe 
the fall of temperature in a known weight of hot water contained in 
a vessel coated on all sides with a certain thickness of the material 
under examination, the outer surface of which was maintained at a 
constant, temperature by the continuous flow of cold water through a 
water jacket. 

The apparatus consisted of three cylindrical tin cases, the inner- 
most of which was fitted with a water-tight lid having a central funnel 
through which the hot water was inserted. The space or clearance 
of 1 in. left between the first or innermost vessel, and the second vessel, 
contained the non-conducting material under test; and the space 
between the second and third vessel formed the water jacket. Ther- 
mometers were placed in the hot-water chamber and water jacket, and 

^ Minutes of Proceedings^ Institution of Civil Engineers, vol. exxi., btjsaion 
1894-95, pp. 291, 292, 293, 294, 295. 
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an arrangement for stirring the water in said hot-water chamber in 
the innermost vci^sel was likewise provided. Each specimen of non- 
conducting material was placed upon a separate inner case, each of 
the latter being covered to an uniform thickness of 1 in. in the manner 
in which the material would be employed ii» actual practice. The 
non-con ducting composition was applied in layers, carefully dried in 
succession, so as to ensure the dryness n(‘cessary to the accuracy of the 
tests being obtained. 


Hesults of the Tests. 



Weight of 

Total tall 

Thermal 

Conductivity 


of 

Conductivity 

as 

Name of Materbl. 

Sample 

(iitclucling 

Temperature 
ill 120 

in 

Absolute 

Compared 
with Dry 


'J’in). 

minutes. 

Measure. 

Still Air. 

Dry air 

)*)S 07 

Deg. CcnI. 

O-H 

0-0000558 

1-00 

Fossil meal (iomposition - 

7 ” 2 

21-5 

0-0002689 

4-82 

I Cenont with hair felt * • 

5 15 : 

1 30-0 

O-(X)03613 

6-47 

i Silicate cotton, f or slag-wool - 


29 -b 

0-0003875 

6-95 

Kieselguiir X composition 

7 13 1 

290 

0-0004336 

I'll 

1 Fapici uiacb6 composition ^ - 

7 r» 1 

35 5 

0-0004424 

7 93 

j Fibrous composition (flax, 

1 hemp, cow-hair, and clay) - 

' b 9 

34-5 

i 0-0004550 

7-98 

j Papier niaclnf' composition \\ 

H 12 

37*5 

0-0005019 

8-99 


1 _ 

1 

! ... 

— 


The covered tin cases were tested as follows:— 10 lbs. of boiling 
water was Tenured through a funnel into the hot- water chamber. Cold 
water was then allowed to flow uniformly from the main water-pipe, 
and to circulate freely through the cold-water chamber. During no 
test was the temperature in this chamber observed to rise as much as 
r Cent. The outer surface was, therefore, kept ai a constant tempera- 

* Tlio outside diameter of this sample was about | in. smaller than the inside 
diameter of the middle tin case or vessel, and it had conseciuently a slight 
advantage over the other samples in having a thin layer of air between its outer 
surface and^the loiter. 

t The sdicatc (ujtton was pressed together tightly, and thus its conductivity 
appears greater than would have been the case had it been more loosely packed. 

X Tine K’C .H'guhr employed consisted on the average of silica 83'8, magnesia 
0*7. lime 0-8, alumina VO, peroxide of iron 2*1, organic matter 4'5, moisture and 
loss 7 “I, It was employed in conjunction with 10 per cent, of binding material, 
viz., fibre and mucilaginous extracts of several vegetable matters. 

§ Papier-mfich6 composition, consisting of paper pulp mixed with clay and 
carbon, together with hair and fragments of hemp rope. 

il A lighter modification of above. 
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ture throughout each test. In order to prevent the temperature of 
the hot water from falling too quickly at first, and to bring the non- 
conductor and the whole apparatus to a condition of constant tempera- 
ture or heat equilibrium, steam at atmospheric pressure generated in a 
Florence flask was first passed into the inner vessel by means of a 
glass tube led into it through the funnel. The steam-pipe was then 
removed, and a paraftined cork fitted tightly into its position. The 
first reading was always taken when the temperature of the hot water 
had just fallen to 94“ Cent. (201-2“ Fahr.). The water in inner 
chamber was stirred by a perforated piston prior to the readings of the 
thermometers in the two chambers, which were taken simultaneously, 
being noted. Successive readings of both thermometers were taken in 
the same way, and recorded every ten minutes. 

The results of tests* made by Mr John G. Bobbie, superintending 
engineer at Calcutta to the British India Steam Navigation Company, 
to. determine the conductivities of asbestos and Kieselguhr composi- 
tioii were as follows : — 


Results op Tests. 



Asbestos. 

Kieselguhr Com- 
po.sition. 


Water Condensed 

Water Condenserl 


in Inches. 

in Inches, 

After 16 minutes 



„ 30 „ 


2| 

„ 45 „ 

3^ 

2i 

„ 60 „ 

3| 

21 

Totals in one hour 

14| 

:0 


This experiment shows a saving of 36 per cent, in favour of Kieselguhr 
composition. The tests were made with two boiler-tubes — in. in 
outside diameter and 7 ft. long, closed at both ends, and covered with 
^ thickness of 2 in. of asbestos and Kieselguhr composition respectively. 
Jfbe tubes were suspended side by side, and steam was admitted at the 
a gauge-glass being fitted at the bottom of each by which the 
amount of condensation inside the tubes could be accurately observed, 
iteam at a pressure of 30 lbs. per square inch was used in the tubes. 

. * Minutes of Proceedings^ Institution of GivU Engineers, V 9 l. oxxi., Session 

I W-95, pp. 301 ; 302. 
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In the first trial, which lasted one hour, 12*375 in. of water were con- 
densed in the tube covered with asbestos, and 8*375 in. in that covered 
with Kieselguhr composition, showing 33 per cent, less water condensed 
with Kieselguhr composition. In the second trial, of one hour also, the 
condensation was noted every fifteen minutes, and gave the results 
shown in the above table. 

From these and other tests the author has been led to the conclu- 
sion that hard-pressed asljestos paper or cloth is a better conductor of 
heat than silicate cotton or slag-wool, felt, hair, wool, or some of the 
Kieselguhr compcjsitions. The main reason for the superior non-con- 
ductivities of porous materials is on account of the entrapped and 
occluded air, hence the looser asbestos and other fibrous materials are 
laid on the better will they prevent radiation of heat. 

In an appendix* to his paper on heat-insulators, Professor Jamieson 
gives some accounts of previous experiments, of which the following 
is a brief extract : — 

“In 1881, Mr Charles E. Emery, Ph.D., wrote a paper! on ‘Ex- 
periments with Non-Conductors of Heat,’ wherein the results of his 
tests on fourteen different substances are given. The apparatus used 
consiste^^ of a boiler, 4 it. in diameter and 12 ft. long, constructed 
with three lO-in. tubes. Into these tubes were placed smaller tubes to 
receive steam, and around the inner tubes were placed the non-con- 
ducting substances, water being circulated through ^he larger shell 
outside of the outer tubes. The results (see table, page 336) were shown 
by the amount of steam conden.sed in the inner tulies, the water of 
condensation being conducted to small cylindrical vessels, each pro- 
vided with a glass gauge.” 

In 1884, Professor John M. Ordway, of Boston, Mass., described 
in a paper! “Experiments upon Non-Conducting Coverings for 
Steam P’pes,” tests of a greiit variety of substances by three methods, 
viz. : (1) by measuring the temperatures on the outside of the coverings ; 
(2) by measuring the weight of steam condensed in a certain time 
over a certain length of covered pipe ; (3) by a calorimeter. 

In 1884^ Mr J. J. Coleman gave§ the results of a series of experi- 


* Minides of I roceedings, Institution of Civil E^iginsars, vol. exxi., Sesaion 
1894-95, pp. 298-299. 

t Transactions, American Society of Mechanical Engineers, vol. ii., 1881, 
p. 34. 

% Tramaclims, American Society of Mechanical Engineers, vol. v., 1883-84, 
p.73. 

g Proceedings, Philosophical Society of Glasgow, vol. xv., 1883-84, p. 90. 



336 REFRIGERATION AND COLD STORAGE. 


ments (see table) on eight substances tested by means of Lavoiser’s ice- 
calorimeter. The object of the experiments was to find the substance 
which would make best covering for the “ Bell-Coleman Freezing 
Machines.” 

In 1884, Mr D. K. Clark, M.Inst.C.E., reported* to the National 
Smoke Abatement Institution the results of tests carried out at the 
works of Messrs Samuel Hodge & Sons, Millwall, of seven substances 
as compared with a bare pipe. 

In 1891, Mr W. Hepworth Collins read a paper f on “The Com- 
parativ(‘ Value of Various Substances used as Non-Conducting Cover- 
ings for Steam Boilers and Pipes,” giving the results of experiments 
in which a mass of each material to be experimented upon, 1 in. thick, 
was carefully prepared and placed on a perfectly flat iron plate or 
tray, which was then maintained at a constant temperature of 310“ 
Fahr. The heat transmitted through each non-conducting mass was 
calcinated in lbs. of water heated 10° Fahr. per hour (see table). 


Results of Different Experiments on the Heat Conductivities 
OF Various Substances. 

{Silicate cotton heing taken 100.) 



V 

c 

i 

.S 

§ 

$ 

Substance. 


3| 

H. Cc 
1891 

S| 


u 




Fossil meal composition 




70 

Cement with hair-felt - ' - 

83 



93 

Silicate cotton or slag-wool - 

100 

m 

lob 

100 

Hair-felt or fibrous composition - 


117 

114 

112 

Fapier-raach^ 



147 

111 

Kieselguhr Composition 


136 


112 

Sawdust 

1 112 

163 

142 


Charcoal 

132 

140 



Cotton wool 


122 



Bheep’s wool 

Pine wood (across the grain) 

m 

136 



Loam 

Gasworks breeze or coal ashes 

m 

230 

299 


Asbestos 

229 


179 



* The Engineer, vol. Ivii., 1884, p. dS. j 

t “ Report of the British Association for the Advancement of Science,” Cardiff, 
1891, p. 780. 
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Results op Tests to Determine the Non -Conductive Values 
OF Different Materials. 

(//. F. I)onafd»o% M.I.C.E., Proceedings, Inst. C.E.) 

Kxperiment No. 1. 





Weight after 



Thickness 

of 

Original 

Weight 

— 

— 

Loss after 
.Seventy-two 


Mattriair 

of Ice. 

Twenty-four 

Seventy, two 

Hours. 




Hours. 

Hours. 


Peat (compressed and 

Inches. 

0/ 

Oz. 

Oz. 

Per cent. 

set in fossil meal) - 

9 

' 95 

81 

59 

37-89 

Charcoal • 

11 

J 9(>i 

m 

56 

41 '97 

Silicate cotton - 
Magnesia and asbes- 


92i 

m 


56-21 

tos fibre 

• 


93 

73 

m 

56-45 


Note. -T he author thought it undesirable to consider further compressed peat 
set in fossil meal, as he found by experiment its powers of absorption of moisture 
to be so great as to constitute in his opinion a source of danger. 


Experiment No. 2. 


Silicate cotton 
Sawdust 
Peat - 
Charcoal 


1 


Original j 

Weight after 



I'hickness 

of 

Insulating 

Material. 

Weight 

Ice. 

Twenty- 

four 

Forty- 

eight 

Nincty- 

six 

Loss after 
Ninety-six 
Hours. 




Hours. 

Hours, 

Hours. 



Inches. 

Oz. 

Oz. 

Oz 

Oz. 

Per cent. 


6 

104 

88f 

76f 

58i^ 

43*76 


' 9 

103i 

86^ 

71 

48 

52*62 


9 

104 

77i 

66 

26i 

74*75 


9 

104 

88f 

78i 

60i 

41*82 


22 



338 REFRIGERATION AND COLD STORAGE. 

Results of continued. 

Experiment No. 3. 



Tliickness 

of 

Insulating 

Material. 

Original 

Weight 

of 

lie. 

Weight after 

Loss aftei 


Twenty-foin 
, Hours. 

.Seventy-two 

Hours. 

Seventy-two 

Hours. 

Silicate cotton - 
Charcoal - 

Inches 

9 

11 

! 

1 

1 Oz. 

1 92 

i 

0/ 

83i 

82| 

O/. 

m 

70i 1 

Oi 

21-19 

23-36 


Experiment No. 4. 



I 


Weight .ifter 1 



Thickness 

of 

Original ' 
Weight 

— 

— 

] ,oss .ifter 
Ninety- 


Insulating 

of 

Twenty- 

Ninety- 

SIX 


Material. ' 

1 ... 

foul 

Hours 

SIX 

Hours. 

Hours 

Silicate cotton 

Inches. 

0/. 

()/ 

()/ 

• 

Per rent 

(loo.sely packed) 

9 

no 

103 


23-41 

Silicate cotton - - , 

9 

110 

101:^ 

80s' 1 

26-59 

Charcoal « 

11 

110 

lOOi 

79 

28-18 

Vegetable silica 

11 

no , 

lOU 

761 

; 30-22 

Diatoniite - 

11 

110 

99" 

m 

1 32-05 


Results of Tests to Determine the Non-Conductive Values of 
Various Materials. 


{Dr Wm. Wallace..) 



Cubic 


Materials. 

Cciitimeties 
(grammes) of 
Water Melted 

Average c.c.'s 
per Day. 


in 12 Hays. 


Silicate cotton 

9,470 

789 

Flake charcoal i 

11,010 

917 

Felt i 

: 11,760 

980 

Fossil meal , 

12,530 

1,044 

Twig charcoal ! 

13,590 

1,132 

Plain cork slabs J 

14,020 

1,168 

Tarred cork slabs " i 

1 14,610 

! 1,217 

Broken lump charcoal 

15,916 

1,326 

Ashes * * - 

23,316 

1 

1,943 


Coleman’s method was used in making the above teste, with walls 6 in. thick. 
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Rate of Passage of Heat Throdgh Vaiuolts Materials. 
r. Marat.) 


British Thermal Units per houi per superficial foot thiough niateiials 0 in. thick. 



T 

- 60 ” 

T 

- 60 ” 

T 

- 40 ” 


Dry. 

! Wet. 

Dry. 

' Wet. 

1 

Dry. 

' Wet. 

Silicate cotton 

411 

1 

i U-O.”) 

2-34 

1 

i 8 -.>7 

M7 

1 0-70 

Cow hair 

1 411 

, 8-80 

2-34 

■ 5 -.30 

1-17 

3-50 

! Cliarcoal 

4-70 

' 12-30 1 

1 2-<'3 

' 7 -30 

1-71) 

4-40 

Sawdust 

1 tj-7r> 

, l.VGO i 

4-40 

' o-oo 

2-34 

5-50 

Infusorial earth - 

1()-(H) 


i 0-18 


1 3-37 


Cork bricks 



5-87 


1 3-20 

i 

2 -DO 

1 


T = l)iflp6T' <ice of Tcinporatut'e (Falir.) on the two sides of the material. 


Results of Tests on the Heat Conductivity of 
Different Substances. 


( rarto?w a nfhoritits.) 
(Silicate Cotton heiiig taken at ItMh) 



C. K 

J. J. Cole- 

W. H. 

Prof. 

Subitaiji es 

Emery, 

man, 

Collins, 

Jamieson, 

1 

1881. 

18S4. 

1891. 

1894. 

Silicate cotton or slag-wool - I 

10(1 

100 

100 

100 

Hair-folt or fibrous composition - , 


117 

114 

112 

Papier-mache - - ^ *1 



147 

111 

Kieselguhr composition - - [ 


i3i) 


112 

Sawdust 1 

1^2 

103 

l’42 1 


Charcoal - - - - - ; 

132 

140 

1 


Cotton wool . " . 


122 1 

1 ... 1 


Sheep’s wool - - - - i 


136 



Pine wood (across the grain) 





Loam : 





Gasworks breeze or coal ashes - j 

240 


299 


Asbestos 1 

229 . 

... 

179 



I 
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Table givinu the Relative Heat Conductivity of Various 
Boiler- Covering Materials. 

{Tht “.4mmcan Engineer. 


vSilicate cotton or mineral wool ..... KK) 

Hair-felt 117 

Cotton wool 122 

Sheep’s wool 136 

1 nfuaorial earth - ■ - - 1!16 

Charcoal - - - - - - - 140 

Sawdust 16.3 

Gasworks breeze ...... 230 

Wood and air space - - - - -280 


Results of Experiments regarding Non-Heat-Conducting 
Properties of Various Substances. 


{Professor J. M. Ordu;ay.) 


Coveiiitgs 1 in. thick. 

Lbs. of Water heated 
10" Fain, per honr 
by 1 Mjuare foot. 


r 1. “ Silicate cotton ” or “ slag- wtjol ” - 

130 


2. Paper ! 

14*0 


3. Cork strips, bound on - 

14’6 


4. Straw rope, wound spirally 

18-0 


5. Loose rice chaff 

18-7 

1 

6. Blotting yiapcr, wound tight - 

21 0 


r 7. Paste of fossil meal and hair - - i 

16*7 


8. Loose bituminous coal ashes - 

21*0 


9. Paste of fossil meal with aal>e8tx)s - - ' 

22*0 

1] 

10. Loose anthracite coal ashes 

27*0 


11. Paste of clay and vegetable fibre 

30*9 

1 

U 2 . Dry plaster of par is - - - - | 

30*9 

13. Asbestos paper, wound tight - 

21*7 

14. Air alone - - j 

48-0 

15. Fine asbestos 

49*0 

16. 8and 

62*1 


N.B . — The asbestos of 15 lia<l smooth fibres, which could not prevent the air 
from moving about. Later trials with an asbestos of exceedingly fine fibre have 
made a somewhat better showing, but asbestos is really one of the p(»orest non- 
conductors. By reason of its fibrous character it may be used advantageously 
to hold together other incombustible substances^, but the less the l)etter. 

* * These substances are not well suited for covering heated surfaces— owing 
to their nature they soon become carbonised. 

t Hard substances that, with the action of the heat, break, powder, amj 
fall off. 



INSULATION. 


341 


Non-Hrat-Conducting Properties op Various Substances. 
{From Ftiffineering.'') 



Lbs. of Water heated 

Prepared Mixtures, for CoveiinK Boilers, Pipes, S:c. 

10“ Fahr. per hour 
pel square foot. 

Slag-wool (silicate cotton) and hair paste 

ID-O 

Fossil meal and hair paste ... 

10-4 

Paper pulp alone 

147 

Asbestos fibre, wrapped tightly 

17-9 

Fossil meal and asbestos powder 

26-3 

Coal ashes and clay {rnsto, wrapped with straw 

20-9 

Clay, dung, and vegetable fibre paste 

.39 -C 

i*aper pulp, clay, and vegetable fibre 

. 44'fi 


Results of Experiments regarding Non-Heat -Conducting 
Properties of Various Substances. 

{ Waller Jonea, “ Healing hy Hot If a/fr.”) 


Frai”e Filled with 

Left for 

Highest 

Temperature 



Registered, 

Leroy’s boiler-covering composition - 

.3 hours 

94° 

Asbestos powder .... 

4 „ 

8G" 

Hair-felt 


77“ 

Silicate cotton 

9 M 

711° 


The quantity of heat in units, transmitted through 1 sq. ft. of 
plate per hour, may be found thus : — Subtract the temperature of the 
cooler side from that of the hotter aide of the plate, then multiply the 
result by the riambor in the preceding table corresponding to the 
material used, and divide the product by the thickness of plate. 
Thus an iron plate 2 in. thick, having a temperature of 60° on one side 

and 80° on the other, will transmit 80 - 60 = = 2,300 

units of heat per square foot per hour. 
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Heat-Conducting Power of Various Substances, 
Slate being 1,000. 


{Mofemmrfh . ) 


Slato 

- 1,000 

Chalk - 


564 

Lead 

- .5,210 

Asphalte 


451 

Flagstone 

- 1,110 

Oak 


- 3.16 

Portland stone 

7.50 

Lath and pla.stor - 


255 

brick 

Fire-brick 

6(M)-730 

020 

Cement - 


200 


Experiments on Heat Conductivity of Slag-wool and Charcoal. 
{T. //. Lit fh (foot, 6'./?., (L A. firrh, A. M. In ft/. C.hJ., in 188,5.) 


Experiment No. 1. 

Bogan 11.30 a.m., 2iid Juno. 

Ej\cled 11.30 A.M., 4th Juno. 

Duration of experiment, forty-eight hours. 

Average t(miperature of room or chamber, 90'’ Eahr. 

A piece of ice 23 lbs. in weight was placed in a zinc box 1 2 in. 
cube, and covered with 2 in. silicate cotton, tliis latter being provided 
with an outer cover, also of zinc. 

When the ice was taken out it weighed 10.1 lbs., showing a loss 
of 12 J lbs. 

Vl\ lbs. X 142 (latent heat of ice) = 1775 thermal units passed 
through in forty-eight hours. 

48) 1775 (3G-9 thermal units passed through in one hour. 

Deference in temperature between inner box and outer air = 
58^ Fahr. 

36-9 

=0'()3 thermal unit transmitted per hour per degree difference 

in temperature.. 

Area of zinc boxes : — 


Inner 1 k)x 
O uter ca.sing • 
Mean 


G sq. ft. 
10-6 „ „ 
81 „ „ 


Thermal units transmitted through the three areas = 

6) -6^ 10-6) »63 

•105 -OT -069 
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which being multiplied by 2 for the thickness of cotton, gives thermal 
units per hour, per degree difference in temperature, per square foot, 
per inch of thickness, as follows : — 

‘210 inner tin. 

*118 outer tin. 

•14 mean between the two. 

Experiment No. 2- 
Began 11.30 a.m., 2nd June. 

Ended 11.30 a.m., 4th June. 

Duration, foi*ty-eight hours. 

A\ crago temp(^rature of room, 90° Eahr. 

A pi(ice of ice 26 lbs. in weight, covered with 6 in. of charcoal. 
When taken out it weighed Ib.^., showing a loss of 18J lbs. 

18’5 X 142 = 2627 thermal units in f<>rty eight hours. 

2627 

— = 54 '72 tliormal units per hour. 

4 o 

54*72 

*94 tliermal unit pei hour, per degree difference in tem- 
perature between inner box and outer air. 

Ai-ea of tins 

Inner box - - - - - 6 sq. ft. 

Out(U‘ casing - - - - 24 „ „ 

Mean ..... 13*5 ,, 

The number of thermal units transmitted per hour, per degree, 
per square foot = 

C^yU 13-5) -94 24) *94 

05 *069 *039 

which being multiplied by 6 for the thickness of charcoal = 

•90 pinner tin] Thermal units transmitted per hour, 
*234 outer tin / per degree, per square foot, per inch of 
4*14 mean ) thickness. 
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TABLED 

Showing Transmission of Heat through various insulating 
Structures (/Sian*). 

Col. I. gives B.T.U. per square foot per day per degree of diflference of tempera- 
ture. Col. II. gives meltage of ice in pounds per day by heat coming through 
100 sq. ft. at a difference of 40°. 


|-in. oak— paper. 1 in. lampblack, J-in. pine. (This is 

Col. I. 

Col. 11. 

the ordinary small stock family refrigerator) - 

5-7 

1()0'7 

One l-m. board, 1 in. pitch, one |-in. board 

4-90 

138 

Four 5-in. spruee boards, two papers, solid, no air space - 
Two double boards and paper (four |-in. boards) and 

4-28 

120 

one air space 

3-71 

105 

One 5-in. board, 2 in. pitch, one 5-in. board 

4-25 

119-7 

One 5-in. board, 24 in. mineral wool, paper, one 5-in. board 

3-62 

101 -9 

Two 5-in. double boards and two papers, 1 in. hair-felt - 
Two |-in. boards and paper, 1 in. sheet cork, two 5-in. 

3318 

93-4 

boards and paper ..... 

One J-in. board, paper, 2 in. calcined pumice, paper and 

3-30 

92-9 

' 5-in. board ...... 

Four double 5-i«* boards with paper between (eight 

3-38 

95 ’2 

boards) and three 8-in. air spaces 

2-7 

76 

Hair quilt insulator, four boards, four quilts, hair 

2-51 

70-9 

One 7 in. board, C in. patent silicated strawboard, air 

• 


cell finished inside with thin layer patent cement - 
One 5-in. board, paper, 3 in. sheet cork, paper, one 5-in. 

2 ‘48 

69-8 

board 

Two 5-in. boards and paper, 8 in. mill shavings and 

2*10 

60 

paper, two 5-in. boards and paper 

1*35 

38 3 

Same slightly moist ..... 

1*80 

50-7 

Same damp 

Double hoards and paper, 1 in. air, 4 in. sheet cork, 

210 

60 

paper, one 5-in- board - ... - 

1-20 

33-6 

Same, with o in. sheet cork .... 

•00 

25-3 

5-in. board, 'paper, 1 in. mineral wool, paper, 5-in. board 
Double boards and papers, 4 in. granulated cork, double 

4-6 

130 

boards and paper ..... 

1-7 

48 


Experiments on the Transmission of Heat through No;??- 
CoNDUCTiNG Materials. 

The following results, according to II Folitecnico^ Milan, were 
obtained by Mr Maurs from a series of experiments upon the trans- 
mission of heat through various materials used at the present time for 

* * “ Insulation for Cold Storage.” Paper read before the Eleventh Annu«^l 

Convention of the American Warehousemen’s Association at Buffalo, N.Y., 
^ October 1901. 
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insulating purposes in refrigeration. According to the author there 
existed an incertitude on the subject of the coefficients of the trans- 
mission of he^t through various insulating materials. In carrying out 
the experiments, he employed a cubical receptacle or container having 
double walls, the space or clearance between which walls was filled 
with the insulating material to be tested, and a known quantity of ice 
was placed within the receptacle and the amount melted in a given 
time ascertained. In this manner he obtained a coefficient K for the 
transmission of heat which expresses the number of units of heat passing 
through the insulating material per hour, per degree of difference of 
temperature, between the opposite surfaces per square metre of these 
surfaces, the distance being one metre. This coefficient expresses con- 
jointly a number of complex phenomena, viz., the absorption of heat, 
conductivity, convection on the exterior, <kc. These phenomena, 
however, are always present in the use of insulating materials, and it 
is sufficient that the coefficient K be esbxblished for all the materials 
under uniform conditions. The following are the coefficients that were 
found for K for the following materials: — Cork in powder, 0*048; 
cork in pieces, 0*041 ; wad of silk flock, 0*041 ; wad of silk fibre, 
0*043; cpttoii, 0*045; husks of rice, 0*050; deal sawdust, 0*066; 
fibrous peat, 0*063 ; peat in pieces, 0*065 ; j>eat in powder, 0*08*i. 


Waterproof Coatinos for Brick Surfaces.* 

“During the summer of 1899 a large variety of paints, oils, 
varnishes, cements, and so-called waterproof coatings were tested for 
a cold storage company in the hope of finding some c oating that would 
make waterproof and airproof the brick walls of its warehouses. The 
tests were macle with quarter bricks with good, fair surfaces, free from 
large holes, and, as nearly as possible, like those used in the exterior 
walls. Quarter bricks were used instead of whole bricks, so that 
sensitive balances could be used for the different weighings. All 
weighings were mftde to within one-thousandth of a gram. The results 
of the more satisfactory tests are tabulated below, and besides these, 
many other tests wei-e made, but these other tests were either unsatis- 
factory or the materials tested of no value for the desired use. The 
quarter bricks to be tested were immersed in water of a temperature of 

* Ebctract from paper by Mr Stoddard, read before the Eleventh Annual 
Convention of the American Warehbusemen^s Association at Buffalo, N.Y,, 
October 1901. 
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about 70'*, the brick being placed on its side, and there being 1 in. of 
water over the brick. Weighings were made as follows : — 

‘ ‘ Of the brick before coating. 

Of the brick after coating. 

Of the brick after inmierHion - - 24 hours. 

M „ - - 48 „ 

„ - - 72 „ 

„ „ - - 96 „ 

n » - - 120 „ 

“ At the end of each tw(mty-four hour period the quarter bricks 
were taken from the water, the outer surfaces carefully dried by cloth 
and blotting paper, and then the bricks were immediately weighed 
before any evaporation could take place from the pores of the brick. 
This was repeated in most of the tests until the bricks had been 
immersed for a period of 120 hours. After this continued immersion 
the bricks were taken from the water and their surfaces examined in 
order to see what change, if any, had taken place in the coating. In 
some ctvses the coating had softened, in some shrivelled, and in one 
case the coating, naphtha and a paraihn-like substance, which before 
immersion was evidently well into the pores of the brick, had gradually 
worked out into the water. ^ 

“ The nature of the substances tested varied greatly. Some were 
in the nature of paints and varnishes, and were retained mostly upon 
the surfaces of the bricks. I’o this class belonged the materials used in 
tests marked A, B, D, G, L, O, P, and Q. Other substances were more 
in the nature of a paste or coating applied upon the surface of the bricks. 
In this class may be included the substances used in tests marked 
C, I, K, N, R, 8, T, and XJ. Another class of substances was supposed 
to soak into the bricks, and by filling the pores exclude moisture. To 
this class belonged the substances used in tests E, F, and J . Other coat- 
ings consisted of two substances, which, when combined, were supposed 
to form an insoluble compound or compounds which would fill up the 
pores of the briqk. The tests of this class are marked H, M, and Y. 

“ Some substances which were submitted for test could be applied 
to the bricks only by soaking, and so were not available. Some blacks 
offered for test were soaked full of the so-called waterproofing, and of 
course would not absorb water or anything else while in that condition, 
as the pores of the brick were already filled. Many resins, gums, and 
oils were tested, but they were of no practical use. 

“ Pitch, asphaltum, &c., were objectionable, because of their odour 
and colour. The results of the testb giving the most favourable results 
are shown in the following tables. 
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Tests of Waterproofing Brick. 


1 

2 

3 

4 

6 

11 

12 


Weight— Grams. 


Compared to Hare Hrick. 

Sample. 

Raie Kiick. 

Coated 

Oiick. 

C'oating 

I’er Cent. 
Increase. 

Per Cent In- 
crease by Coat- 

Per Cent. 
Inn ease by 




nig and Watei. 

Water. 

A - 

030-32 

0.39-10 

8-78 

1 '39 

1-03 

0-24 

B - 

.150 -71 

571-11 

14-40 

2-59 

3-11 

0-52 

C - 

.17H-43 

581 -92 

3-49 

0-00 

1-14 

0-89 

1 ) - 

.127-80 

5,37-70 

9-90 

1-88 

2-84 

0-97 

E - 

016-10 

0.37-00 

21-50 

3-49 

5 ’01 

1-62 

V - 

fi33-80 

700-87 

73-07 

1 1 -53 

13-75 

2-23 

i 

.184-40 

588-92 

4-5-2 

0-77 

3 23 

2-40 

K - 

409 52 

551 -(X) 

51-48 

10-31 

13-36 

3-07 

I - - : 

,104-12 

.123-40 

19-28 

3-,S2 

0-93 

3-10 

j - - 1 

000-94 

(i70-07 

3-13 

0-47 

3-94 

3-47 

K . . 

007-29 

010-90 

3-01 

0-59 

4-19 

3-59 

L - 

519-08 

527-34 

7-09 

1-48 

5-00 

4-18 

M - 

052-50 

092-99 

40-49 i 

0-21 

10-53 

4-33 

N - 

510-20 

529-10 

18-90 1 

3-70 

8-.35 

4-05 

0 - 

570-8':^ 

.186-20 

15-33 

2-09 

7-71 

5-03 

P - 

490-20 

503 -(Xl 

0-80 1 

1-37 

7-10 

5-79 

Q - - 

.102-87 

515 12 

12-25 i 

2-44 

8-85 

0-37 

H - 


.143-00 




, 1-32 

S - 


002-20 



Compared 

1-53 

T - - 1 


000-31 



to coated 

1-08 

U - - ! 


581-10 



brick. 

2-09 

V 


621 -85 




' 5-17 

W - 






X . 

Y - 

Bare brick 

• ■ •pr 

489-04 




8-08 
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Tests of Waterproofing Brick. 



6 1 

1 

7 i 

6 

9 

10 

Sample. 

24 Hovjrs 

Increased Weight by Absorp 

48 Hours, j 72 Houns. 

ion of Watei. 

9fi Hours. 

120 Hours. 

A - - 

030 


1-10 


1-50 

B - - - 

I’HO 


2-10 

2-49 

2-89 

(j , . . 

Mf) 

2-18 

3-25 

3-49 

5-13 

1) A - 

E - - • 

1-(M) 


2-88 

4-00 

5-10 

2-10 

5-55 

7-15 


9-97 

F - - - 

(J - - - 

4-75 

12-13 

12-83 


14-13 

4-8S 

7-48 

9-08 

11-43 

14-38 

H - 

7 ‘30 

9-70 

11-30 

i3-;io 

15-32 

I - ■ 

3*73 

0-33 


12-12 

• 15-03 

J - - 

20 •:w 

21-13 

21-03 

23-13 

21’ -83 

K . ■ - 

7‘(K> 

8-00 

9-30 


L - - 

3-73 

5-78 


12-08 

21-72 

M - 

24-78 


27 -io 


28-24 

N - - - 

23-10 


23-80 


1 23-72 

0 - - • 

20-98 

28-00 

28-00 

j 28-71 

! 23-70 

P ■ - 

24-83 


28-75 


28-72 

Q ■ 

B - 

S - • - 

29-08 

3f»-70 

31-28 


32-03 

3-72 

5-00 

0-15 

7‘i5 


3-10 

5-55 

7*35 

I 9-20 


f . . . 

2-:j3 

4-09 

8-07 

10-21 


U - - 

0-40 , 

9-09 

12-09 

15-04 


V . . . 

21-13 

29-00 

31-02 


3215 

w . ■ 



1 •• 



X - 



1 



Y - - 

Bare brick 

21 ’k) 


39-i}9 

39-09 

42-43 
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Tests of Watebproofino^ Bhick. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 


Weight-Grams. 


Increase in Weight by Absorption 
of Water. 

__ __ __ __ _ 

Compared 
to Bare 
Brick. 

*0, 

E 

n 

c/3 

Bare Brick. 

Coated Brick. 

Coating. 

Per Cent. 
Increase. 

24 Hours. 

£ 

00 

72 Hours. 

96 Hours. 

120 Hours. 

Per Cent. Inc. 
by Coating 
and Water. 

Per Cent. Inc. 
by Water. 

A - 

«30'32 

039-10 

8-78 

1*39 

o-;io 


1-10 


1-50 

1 -03 

0*24 

B - 

55()’71 

571-11 

14-40 

2-50 

1-30 


*2-10 

2-40 

2-80 

3-11 

0*52 

C - 

57H-1 5 

581-02 

3-49 

0-00 

1-15 

2*18 

3-25 

3-40 

5-13 

1-14 

0-80 

D - 

527 'SO 

537-70 

9*90 

1-88 

1-00 


2*88 

4-01) 

5-10 

2-84 

0-97 

E - 


637*00 

21*50 

3-40 

2-10 

5 55 

7-15 


0-99 

,5-11 

1*62 

F . 

mm 

700-87 

73-07 

11-53 

4-75 

1213 

12-83 


14-13 

13-75 

2*23 

C - 

584-40 

588*02 

4-52 

0-77 

4-88 

7-48 

0-08 

1 i -43 

14-38 

3-23 

2*40 

H - 

4U0-52 

551 -(K) 

51-48 

10*31 

7*30 

0-70 

11-30 

13-30 

15-32 

13-30 

3-07 

I - 

504-12 

523*40 

19-28 

3-82 

3*73 

0-33 


12*12 

15-08 

0-03 

3-10 

J - 

006-04 

070-07 

3-13 

0-47 

‘20-33 

•21 -13 

21*03 

‘23*13 


3-04 

3-47 

K - 

007-20 

010-00 

3-01 

0-50 

7-00 

8-00 

9-30 


2i-83 

4-10 

3-59 

L - 

510-08 

527-34 

7*09 

1-48 

3-70 

5-78 


12-68 

21-72 

5-00 

4-18 

M - 

052-50 

002-90 

40-49 

0-21 

24-78 


27*10 


28-24 

10-53 

4-33 

N - 

510-20 

5*20-10 

18-1^0 

3-70 

23-10 


23-80 


23-72 

8-35 

4-65 

0 - 

570-87 

580-20 

15 -.33 

•2*00 

20-08 

28*()0 

28-00 


28-70 

7-71 

5*03 

V - 

400-20 

503 -(K) 

0-80 

1-37 

‘24-85 


28-75 

28-71 

28-72 

7-10 

5*70 

Q ■ 

502-87 

515-12 

1*2-25 

2-44 

*29*08 

30-70 

31-28 


32-0,3 

8-85 

6*37 

H - 


543-00 



3*72 

5-00 

6-15 

7-15 



*1*32 

s ■ 


(X)2-20 



3*10 

5-55 

7-35 

0-20 



*1-53 

T - 


6(K)-31 



2-35 

4-09 

8-07 

10 21 



*1-68 

U - 


581-10 



0-40 

0-09 

12-00 

15 -IH 



*2*69 

V - 


021-85 



21*15 

20-00 

31-02 


321 5 


*5-17 

W - 
X 












y - 


... •*- 










Bare 

brick 

480-04: 



2i-20 


30-00 

30-60 

42-43 


♦8-ii8 


1 gi-ain equals 15*43 grains ; 28*35 grams equals 1 ounce avoirdupois, 
* Compared to coated brick. 
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Key to Tests of Waterpkoofing Brick. 


A. — Bay State air and waterproofing - - - - 3 coats. 

B. — Red mineral paint, ground in oil - - - 2 coats. 

(1— Spar varnish with plaster of paris - - - 2 coats. 

T). —Spar varnish ... . . 2 coats. 

K.— Now York sample, No. 2 - - Soaked. 

F.— Now York sample, No. 1 - - . . Soaked. 

({.—Shellac j coat. 

H.— Portland cement, 1 coat ; soap and alum, 3 coats - 4 coats. 

I. —White enamel paint ----- 3 coats. 

J. — Paraffin in naphtha - - - - - 3 coats. 

K. -— Hot paraffin - - - 3 coats. 

L. — Water paint ...... 3 coats. 

M. — Portland cement mixed with CaClo, 1 coat ; water glass, 

3 coats ------- 4 coats. 

N. ~ Portland cement ------ 2 coats. 

C). —Black varnish. No. 2 - - - - - 3 coats. 

P.-^^^Spar varnish coat. 

(J.— Black varnish, No, 1 - . - . 3 coats. 


R. — Waterproofing, No. 1. 

(A putty-like substance applied to surface of brick.) 

S. — Waterproofing, No. 4. Similar to “R.” • 

T. — l\'aterproofing. No. 3. Similar to ‘‘R.'’ 

U. — Waterproofing, No. 2. Similar to “R.” 

V. —Bi-chromate potash and glue— exposed to sunlight. 

Bare brick - - - - - - No cioating. 

“ In regard to tjie result of the tests it is worthy of remark that 
some of the substances tliat liave been considered as among the best 
wateq)roof materials pnni'xl to bo either of little value or very inferior 
to some of the other (Substances. 

“ The Sylvester process, H, soap and alum, proved to be of little 
value, even when applied to a surface made as smooth as possible with 
Portland cement' This process was also tried without the cement, but 
was even less effective. Hot paraffin has often been used to water- 
proof walls ; but, under the conditions of these tests, it proved to be 
very far from waterproof. Portland cement is another substance which 
did not prove to be as good as its reputation.” 


AYalls for Cold Stores. 

The following materials and ctimensions have been used and are 
recommended for walls of cold chambers : — 

Walls at the St Katherine’s Bock, London, were formed of up- 
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rights, in. by .1 in , fixed upon the floor joists or bearers, and 
having an outer and an inner skin attached thereto ; the former consist- 
ing of 2-in. boards, and the latter of two thicknesses or layers of 1 J-in. 
boards, with an intermediate layer of specially- prepared brown paper. 
The 5^ in. clearance or space between the inner and outer skins of 
the walls and roof was likewise filled with wood charcoal, carefully 
dried. 

14 in. brick wall, 34 in. air space, 9 in. brick wall, 1 in. layer of 
cement, 1 in. layer of pitch, 2 in. by 3 in. studding, layei’ of tar paper, 
1-in. tongued and grooved boarding, 2 in. by 4 in. studding, 1-in. tongued 
and grooved board, layer of tar pap( r, and, finally, l-in, tongued and 
grooved boarding, the tobil thickness of these layers or skins being 
3 ft. 3 in. 

36 in. brick wall, 1 in. layer of pi' oh, 1 in. sheathing, 4 in. air 
space, 2 in. by 4 in. studding, 1 in. ‘dieathing, 3 in. layer of mineral 
or slag wool, 2 in. by 4 in. studding, and, finally, 1 in. sheathing ; 
total thickness, 4 ft. 7 in. 

14 in. brick wall, 4 in. pitch and ashes, 4 in. brick wall, 4 in. air 
space, 1 4 in. brick wall ; total thickiicjss, 3 ft. 4 in. 

14 in.* brick wall, 6 in. air space, double thickness of l-in. tongued 
and grooved boards, with a layer of waterproof paper between them, 
2 in. layer of the best quality hair felt, second double thickness of l-in. 
tongued and grooved boards, with a similar layer of paper between 
them ; total thickness, 2 ft. 2 in. 

14 in. brick w.ill, 8 in. layer of fwiwdust, double thickness of l-in. 
tongued and grooved boards, with a layer of tarred waterproof paper 
between them, 2 in. layer of hair-felt, second double thickness of l-in. 
tongued and grooved boards, with a similar layer of paper between 
them; total thickness, 2 ft. 41 in. 

Brick wall, 3 in. scratched hollow tiles, 4 in. silicate cotton or slag- 
wool, 3 in. scratched hollow tiles, and layer of cement plaster. 

Brick wall, 1 in. air spaces between fillets of strips, l-in. tongued 
and grooved boarding, two layers of insulating paper, l-in. tongued and 
grooved boarding, 2 in. by 4 in. studs, 16 in. apart, spaces filled in 
with silicate cqjbfon, l-in. tongued and grooved boarding, two layers of 
insulating paper, air spaces between fillets, or strips 1 in. by 2 in. 
spaced 16 in. apart from centres, l-in. tongued and grooved boarding, 
two layers of insulating paper, and l-in. tongued and grooved boarding. 

Brick or stone wall, well coated on inside with pitch or asphaltum, 
2 in. by 3 in. studding, 24 in. centres, spaces between filled in with 
silicate *cotton, |-in, rough tongued and grooved boarding, two layers 
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waterproof insulating paper, |-in. rough tongued and grooved board- 
ing, 2 in. by 3 in. studding, 24 in. centres, in spaces between, |-in. 
rough tongued and grooved boarding, two layers of waterproof insulating 
paper, |-in. rough tongued and grooved boarding, 2 in. by 3 in. 
studding, 24 in. centres, spaces between filled in with silicate cotton, 
|-in. rough tongued and grooved boarding, two layers of waterproof 
insulating paper, and |-in. tongued and grooved match-boarding. 
Paper to be laid one-half lap and cemented at all joints. 

Brick wall, 2 in. air space, 2 in. thicknesses of tongued and grooved 
boards with threci layers of paper between, 2 in. air space, 2 in thick- 
nesses of tongued and grooved boards with three layers of paper 
between, 2 in. air space and 2 in. thicknesses of tongued and grooved 
boards with three layers of paper between. 

Brick wall, well coated with pitch, 2 in. air space, 2 in. thicknesses 
of tongued and grooved boards with three layers of paper between, 
2 in. space filled with slag-wool or cork, 2 in. thicknesses of tongued 
and grooved boards, with three layers of paper between, 2 in. space 
filled with slag-wool or cork, 2 in. thicknesses of tongued and grooved 
boards, with three layers of paper between. Shelving should be fixed 
horizontally in the spaces packed with slag- wool or cork 'at about 
16 in. apart. 

Brick wall, 1 in. air space, J-in. mfltch-lx)arding, 9 in. slag-wool or 
silicate cotton, layer of insulating paper and |-in. match-boarding. 

Brick wall, 1 in. air space, 6 in. slag-wool or silicate cotton, 1 in. 
silicate of cotton slab, layer of insulating paper, | in. air space, and 
|-in. match -boarding. 

Brick wall, 1 in. air space, 1 in. silicate of cotton slab, 4 in. silicate 
of cotton, 1 in. silicate of cotton slab, J-in, air space, and J-in, 
match-boarding. 

Brick wall, well coated with pitch, 2 in. air space, J-in. tongued 
and grooved boarding, two layers of paper, |-in. tongued and grooved 
boarding, 4 in. ^lag-wool or silicate cotton, J-in. tongued and grooved 
boarding, two layers of paper, |-in. tongued and grooved boarding, 2 in. 
air space, J-in. tongued and grooved boarding, two layers of paper, and 
J-in. tongued and grooved boarding. 

Brick wall, 2 in. air space, J-in. tongued and grooved boarding, 
two layers of paper, J-in. tongued and grooved boarding, 2 in. air space, 
J-in. tongued and grooved boarding, two layers of paper, and J-in. 
tongued and grooved boarding. 

Brick wall, 2 in. air space, J-in. tongued and grooved boarding, 
one layer of paper, 4 in. slag-wool or silicate cotton, J-in. tongued and 
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grooved boarding, one layer of paper, 4 in. air space, J-in. tongued 
and grooved boarding, two layers of paper, and J-in. tongued and 
grooved boarding. 

Brick wall, layer of pitch, |-in. tongued and grooved boarding 

2 in. air space, |-in. tongued and grooved boarding, one layer of paper, 

3 in. cork dust, |-in. tongued and grooved boarding, two layers of 
paper, and |-in. tongued and grooved boarding. 

Brick wall, 2^ in. air space ventilated by air bricks every 5 ft. 
in all directions, 1-in. tongued and grooved boarding, layer of Willesden 
and brown paper, 1-in. tongued and grooved boarding, 12 in. charcoal 
supported by horizontal shelving 28 in. centres apart, 1-in. tongued 
and grooved boarding, two thicknesses of brown paper, and 1-in. tongued 
and grooved boarding. 

Wall of cold storage room when made of wood : 2 in. thicknesses 
of tongued and grooved boarding with three layei s of paper between, 
2 in. air spa(*e, 2 in. thicknesses of tongued and grooved boarding with 
three layers of paper between, 2 in. air space, 2 in. thicknesses of 
tongued and grooved boarding with three layers of paper l)etween, 
2 in. air space, 2 in. thicknesses of tongued and grooved boarding with 
three layer,s of paper between, 8 in. slag-wool or silicate cotton, and 
1-in. tongued and grooved boarding. 

2 in. boards, in. by 3 in. uprights, spaces between filled with 
carefully drieti wood charcoal, IJ-in. boarding, layer of insulating 
paper, and IJ-in. boarding. 

Outside siding, two layers of insulating paper, 1-in. tongued and 
grooved boarding, 2 in. by 6 in. studdings, 16 in. apart from centres, 
1-in. tongued and grooved boarding, two layers of insulating paper, 
1-in. tongued and grooved boarding, 2 in. by 4 in. studding 16 in. apart 
from centres, sy)aces filled in with J^ilicate cotton, I in. tongued and 
grooved boarding, two layei s of insulating paper, 2 in. by 2 in. fillets 
or strips 16 in. apart from centres, 1-in. tongued and grooved boarding, 
two layers of insulating paper, and 1-in. tongued and grooved boarding. 


Divisional Partitions for Cold Stores. 

Tongued and grooved match-boarding, wire netting, 6 in. silicate 
of cotton or slag-wool, wire netting, tongued and grooved match- 
boarding. The object of the netting is to render the partition fire- 
proof by supporting the silicate of cotton after the match-boarding 
might have burnt away. 

j in. ^match-boarding, J in., air space, 1 in. silicate cotton slab, 

23 
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4 in. of silicate of cotton or slag-wool, 1 in. silicate of cotton slab, 
i'in. air space, and 1 in. silicate of cotton slab. 

2 in. tongued and grooved boarding with three layers of paper 
between, 2 in. silicate of cotton or cork, 2 in. tongued and grooved 
boarding with three layers of paper between, 2 in. silicate of cotton or 
cork, 2 in. tongued and grooved boarding with three layers of paper 
between. 

J-in. tongued and grooved boarding, two layers of paper, |-in 
tongued and grooved boarding, 4 in. silicate cotton or slag-wool, -g-in. 
tongued and grooved boarding, 2 in. air space, J-in. tongued and 
grooved boarding, two layers of paper, and |-in. tongued and grooved 
boarding. 

|-in. tongued and grooved boarding, two layers of paper, J-in. 
tongued and grooved boarding, (5 in. silicate of cotton or slag-wool, 
|-in. tongued and grooved boarding, two layers of paper, |-in. tongued 
and grooved boarding, 2 in. air space, |-in. tongued and grooved 
boarding, two layers of paper, and |-in. tongued and grooved boarding. 

l^-in’’ tongued and grooved boarding, 2 in. silicate cotton or slag 
wool, I -in. tongued and grooved boarding, 2 in. air space, l-in. 
tongued and grooved boarding, two layers of paper, and Jdn. tongued 
and grooved boarding. 

f-in. tongued and grooved boarding, two layers of paper, |-in. 
tongued and gr’ooved boarding, 2 in. air space, |-in. tongued and 
grooved boarding, two layers of paper, and |-in. tongued and grooved 
boarding, 

J-in. tongued and grooved Iwarding, two layers of paper, |-in. 
tongued and grooved boarding, 8 in. silicate cotton or slag-wool, {-in. 

tongued and grooved boarding, two layers of paper, and {-in. tongued 

and grooved boarding. 

{-in. tongued and grooved boarding, two layers of paper, {-in. 
tongued and grooved boarding, 4 in. silicate cotton or slag-wool, {-in. 

tongued and grooved boarding, two layers of paper, and {-in. tongued 

and grooved boarding. 

{-in. tongued and grooved Iwarding, two layers of paper, ,{-in. 
tongued and grooved boarding, 2 in. hair felt, {-in. tongued and 
grooved boarding, 2 in. silicate cotton or slag- wool, {-in. tongued 
and grooved boarding, two layers of paper, and {-in. tongued and 
grooved boarding. 
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Flooding for Cold Stokes. 

2 in. flooring, two layers of paper, J-in. tongued and grooved board- 
ing, 2 in. air space between fillets or scantlings, J-in. tongued and 
grooved boarding, 12-in. joists, space between packed with silicate 
cotton or slag-wool, |-in. tongued and grooved boarding, two layers of 
paper, J-in. tongued and grooved boarding, 2 in. air space between 
fillets or scantlings, J-in. tongued and grooved boarding, two layers of 
paper, and |-in. tongued and grooved boarding. 

2 in. cement, 3 in. concrete, |-in. tongued and grooved boarding, 
two layers of paper, 2 in. flooring, 4 in. silicate cotton between fillets 
or scantlings, Cin. tongued and grooved boarding, two layers of paper, 
2 in. flooring boards on fillets or scantlings set in concrete. 

2 in. asphalte, |-in. tongued and grooved boarding, two layers of 
paper, |-in. tongued and grooved boarding, 2 in. air space between 
scantlings, J-in. tongued and grooved be arding, 3 in. silicate cotton or 
slag-wool between fillets or scantlings, J-in. tongued and grooved 
boarding, 2 ir air space between fillets or scantlings, concrete. 

1 in. asphalte, 2 iiL concrete', h in. pitch, 2 in. concrete, brick 
arches. 

l-|-in. tongued and grooved flooring boards, layer of insulating 
paper, 2 in. by 9 in. joists 12 in. centres apart, spaces filled w’th sili- 
cate cotton or slag-wool, wire netting, layer of insulating paper, j-in. 
match -boarding on 2 in. by 2 in. fillets or scantlings, air spaces between 
existing wooden or concrete flooring. The wire netting secured to the 
underaide of the joists serves to retain the silicate cotton in case of fire. 

1-in. timgued and grooved boarding, thre e layers of insulating paper, 
1-in, tongued and grooved boarding, 2 in. by 9 in. joists, spaces 
between filled with silicate cotton or cork, 1-in. tongued and grooved 
boarding, three layers of insulating paper, and 1-in. tongued and grooved 
boarding. 

1 J-in. tongued and grooved flooring boards, layer of insulating paper, 
2 in. by 9 in. joists, 12 in. centres apart, spaces between filled in with 
silicate cottoTi or slag- wool, 1 in. silicate cotton slab on ^ in. by 2 in. 
fillets, air spaces between, and |-in, match-boarding. The 1 in. sili- 
cate of cotton slaF is nailed on the underside of joists and is claimed 
to render the floor fire-proof, and to prevent radiation through the 
joists. 

2 in. matched flooring, two layers of insulating paper, 1 in. matched 
sheathing, 4 in. by 4 in. sleepers 1^ in. apart fiom centres, spaces 
between filled in with silicate cotton, double 1 in. matched sheathing 
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with twelve layers of paper between, and 4 in. by 4 in. sleepers 16 in. 
apart from centres embedded in 12 in. of dry underfilling. 

Ground, concrete, layer of asphalte, 1-in. tongued and grooved 
match-boarding well tarred, two layers of stout brown paper, 1-in. 
tongued and grooved match-boarding, floor Joists 3 in. by 1 1 in. spaced 
21 in. apart, binder joists 11 in. by 4 in., bearing edges of floor joists 
protected by strips of hair-felt { in. thick and spaces between joists 
filled in with flake charcoal, and 1^-in. tongued and grooved flooring 
boards. 

The floors of the cold storage chambers built at the St Katherine 
Dock, London, were constructed as follows : — On the concrete floor of 
the vault, as it stood originally, a covering of rough boards 1 J in. in 
thickness were laid longitudinally. On this layer of boards were then 
placed transversely bearers formed of joists 4J in. in depth by 3 in. in 
width, and spaced 21 in. a, part. These bearers supported the floors 
of the storage chamber, which consisted of 2|-in. battens tongued and 
grooved. The 4^-in. wide space or clearance between this floor and 
the layer or covering of rough boards upon the lower concrete floor 
was filled with well-dried wood charcoal. 

Flooking for Ice Houses. 

Floor to incline 3 in. towards central drain, and cross channelled 
fillets or scantlings on IJ in. flooring, 2 in. cement, 6 in. concrete, 
ground. 

1-in. tongued and grooved raatch-boaiding, three layers of paper, 
1-in. tongued and grooved match-boarding (to incline 3 in. towards 
central drain) on fillets or scantlings, air spaces between, 1-in. tongued 
and grooved matcKboarding, three layers of paper, 1-in. tongued and 
grooved match-boarding, 2 in. by 9 in. joists, spaces I)etween filled with 
4 in. silicate of cotton or slag-wool kept in position by |-in. boards 
secured by cleats to joists. 

Ceilin(}s for Cold Stores and Ice Houses. 

1-in. tongued and grooved match-boarding, three layers of insulat- 
ing paper, 1-in. tongued and grooved match-boarding, 2 in. air spaces 
between strips or fillets, 1-in. tongued and grooved boarding, three 
layers of ^insulating paper, 1-in. tongued and grooved boarding, joists, 
spaces between filled with silicate cotton or cork, 1-in. tongued and 
grooved match-boarding, three layers of insulating paper, and l-in."' 
^ngued and groov^ match-boarding. 
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Insulated flooring joists, |-in. tongued and grooved match-board- 
ing, two layers of insulating paper, l-in. tongued and grooved match- 
boarding, 2 in. spaces between strips or fillets filled in with silicate 
cotton or cork, J-in. tongued and grooved match-boarding, three layers 
of insulating paper, and tongued and grooved match-boarding. 

l-in. tongued and grooved boarding, two thicknesses of brown paper, 
l-in. tongued and grooved boarding, joists with spaces between packed 
with silicate cotton, l-in. tongued and grooved boarding, Willesden and 
brown paper, 1 in. tongued and grooved boarding. 

Concrete floor, 3 in. book tiles, 6 in. dry underfilling, double space 
hollow tile arches and layer of cement plaster. 



Double 1 in. floor with two layers of insulating paper between, 2 in. 
by 2 in. strips or fillets 16 in. apart from centres, spaces filled in with 
silicate cotton, two layers of insulating paper, l-in, tongued and grooved 
match-boarding, 2 in. by 2 in. strips 16 in. apart, spaces filled in with 
silicate cotton, two layers of insulating paper, l-in. tongued and grooved 
match-boarding, joists and double l-in. flooring with two layers of in- 
sulating paper between. 

Door Insulation. 

A weak point in most cold storage rooms is the door ; these are 
usually qonstructed on the wedge principle, and several simple forms 
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are shown in the illustrations on tliis and succeeding pa^es. Even 
when pi’operly designed and (tarefully made from the best^ well- 



Fige. 226 and 227. — Friok Company Method of Insulating a Cold Store. 
Vertical and HorizontarSections. 

t 

seasoned timber, the doors of cold storage rooms are very apt to give 
trouble on account of the extreme temperatures to which, they are 
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JCE HOUSE FLOOR WHEN MADE OF WOOD 



ICE HOUSE FLOOR WHEN LAID IN CEMENT 

Flow* to i»*cv*Hi »*Tow»«o» tni centiii 





VvINDOW SASH AND FRAME IN STORAGE ROOMS 
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Figfl. 268 to 235.— Frick Company Methods of Wall, Floor, Coiling, Partition, 
Door, and Window Insulation. 
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subjected and from the absorption of moisture from the air. As there 
can be no doubt that considerable loss is experienced through badly- 
made and poorly-fitting doors, too much care cannot be expended in 
securing the best possible workmanship and efficient and easily mani- 
pulated fittings. Fig, 225 shows a type of door fitted with Taylor’s 
patent door- fittings, of which Mr John 8traiton, Liverpool, is the sole 
maker. A door much used in America is Stevens’ patent, which is 
made up of five thicknesses of insulated and waterproofed paper, J in. 
prepared mineral or slag wool, three air spaces, and four thicknesses of 
wood. Amongst the advantages claimed for this type of door is that 
it will not frost through with zero temperature. A canvas cushion on 
the bottom prevents the cold air from escaping at that point. The 
door will not stick. Tt closes quite tight on the hinge edge. The 
fastening is of a special pattern and is for both edges of the door. It 
is claimed to shut as tight as a cross-bar would if it were wedged up, 
and can be opened either from the exterior or interior. A special form 
of door, designed by the author for use in hotels, or elsewhere, where 
the cold storage room or chamber has to be frequently entered, has 
been described in a previous chapter. Other insulations for doors are : — 

1-in. tongued and grooved match-boarding, three layers of insulating 
paper, 1-in. tongued and grooved match-boarding, 2 in. by 1 in. fillets 
or strips with spaces between filled in with silicate cotton or cork, 1-in. 
tongued and grooved match-boarding, three layers of insulating paper, 
1-in. tongued and grooved match-boarding, 2 in. by 1 in. fillets or strips, 
spaces between filled in with silicate cotton or cork, 1-in. tongued and 
grooved match-boarding, three layers of insulating paper, and 1-in. 
tongued and grooved match-boarding. 

1-in. tongued and grooved match-boarding, two layers of insulating 
paper, 1-in. tongued and grooved match-boarding, 12 in. space filled 
in with silicate cotton, 1-in. tongued and grooved match-boarding, two 
layers of insulating paper, and 1-in. tongued and grooved match- 
boarding. 

Window Insulation. 

Windows are better dispensed with in cold stores and artificial 
light resorted to ; where present, three sashes spaced a few inches apart 
and glazed at both sides should be used. 

Tank Insulation. 

Tank sides: 4 in. air space between studding, 1-in. tongued and 
j^ooved match-boarding, three layers of insulating paper, 1-in. tongued - 
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and grooved match-boarding, 4 in. .space filled with cork, 1-in. tongued 
and grooved match-boarding, thine layer's of insulating paper, l-in. 
tongued and grooved match boarding, 2 in. air space, l-in. tongued and 
grooved match-boarding, three layers of insulating paper, and l-in 
tongued and grooved match-boarding. Bottom, 1 in. space between 
stops, fillelB or studding, well tarred before tank is placed in position, 
1-in. tongued and grooved match-boarding, three layers of insulating 



Fig. m —Frick Compa ny Method of Tank Insulation. Vertical Section. 


paper, l-in. tongued and grooved match-boarding, 1 in. airspace between 
strips, fillets or studding, l-in. tongued and grooved match-boarding, 
three lay^s of insulating paper, l-in. tongued and grooved match - 
2 in. by 9 in. joists, spaces between filled with cinders. 

2 in. air space between fillets, J-in. tongued and grooved 
mi^h-boarding, two layers of insiflating paper, |-in. tongued and 
iS^ved patch-boarding, 4 in. silicate cotton or slag-wool, ^-in. tongued 




Figg. 237 to 246. — Barber Manufacturing Co. Methods of Wall, Floor, 
• Ceiling, and Tank Insulation. • 
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and grooved mateh-boarding, two layers of insulating paper, and |-in. 
tongued and grooved match-boarding. 

Tank, ’2 in. air space between studding, layer of insulating paper, 
2 in. flooring, two layers of insulating pa{)er, ^--in. tongued and grooved 



Figs, 255 to 265. —Triumph Ice Machine Co. Methods of Wall and Floor 
Insulation. 


boarding, joists on concrete or ground, spaces between filled with 
charcoal for three-quarters depth, J-in. grooved match- 

boarding,' two layers of insulating paper, |-in. tongued and grooved 
iSmtch-boarding, ground or concrete. 
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Methods of Insulation used in the United States. 

In Figs. 226 to 265 are depicted various plans for insulation which 
liave been successfully used in the United States. Figs. 226 and 227 
illustrate a method of insulating a cold store recommended by the Frick 
Company; Figs. 228 to 235, various methods of wall, floor, ceiling, par- 
tition, door, and window insulation, and Fig. 236 a method of insulat- 
ing a tank recommended by the same company. Figs. 237 to 245 give 
a number of methods of wall, floor, ceiling, door, window, and tank 
insulation used by the Barber Manufacturing Co., and Figs. 246 to 
254 and 255 to 265 show at a, k, p, q, g, h, m, n, o, k, and t, various 
wall insulations ; at E a ceiling insulation ; at B, c, d, v, u, and s, floor 
insulations ; and at L a tank insulation according to the practice 
approved by the Triumph Ice Machine Co. The explanatory matter 
on the drawings suthciently cleaily indicates the construction of the 
above. 


Uefrigekated B-ailway Vans. 

An important type of portable refrigerator is that adapted to meet 
the requirements of railway vans, trucks, cars, or waggons, which it is 
desirable to maintain at a low temperature for considerable periods, but 
which, for obvious reasons, it is undesirable, in doing so, to encumber 
with machinery, to increase in weight to any considerable extent, or to 
render in any way necessary the employment of special labour to take 
charge of same. 

The frozen meat, as a rule, arrives in good condition on board the 
vessels, and deterioration in quality usually takes place during its trans- 
ference to the cold stores on land, and again during the subsequent 
delivery thereof to the retailer, when the meat is exposed to tem- 
peratures frequently inudi higher than what is required to preserve it 
in good c*ondition. The great desideratum for this purpose is a plan 
which will avoid the necessity of carrying the source of refrigeration 
upon the conveyance itself, and this the Pulsometer Engineering Co., 
Ltd., claim to Tiave successfully accomplished in their system of 
refrigeration for railway trucks or cars, and other portable chamber's, 
and they state’^that tliey are willing to guarantee to maintain below the 
freezing point properly fitted portable chambers of all kinds, for ample 
time for transit between Penzance and Aberdeen. 

The method of refrigeration primarily employed in vans and railway 
trucks, was to effect the production of cold with mixtures of ice and 
salt. The great objection to this arrangement is the large increment of 
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weight, and the nuisance and damage caused by the moisture due to 
the melting ice. 

As early as the year 1867 a refrigerator car was constructed in the 
United States having a refrigerating chamber surrounded by an air 
space. A fan or blower was provided, driven off one of the car axles, 
and air was forced by this blower through a compartment containing 
ice into the refrigerating chamber. The water resulting from the lique- 
faction of the ice in the compartment, which had a capacity of about 
2 tons, was drawn off through a suitable trap. In some instances the ice 
was replaced by a refrigerating mixture passing through a suitable pipe 
in the ice box or chamber. The air was drawn in by the fan during 



Fig. 266. — Refrigerator Van or Waggon, (Ireat Southern anil Western 
Railway, Ireland. Sectional Side Elevation. 


the forward motion of the car, and after being passed through the 
ice chamber was delivered at the top of the refrigerating chamber. A 
car of this description is said to have successfully transported meat 
slaughtered in Illinois to New York, during the hottest part qf the 
summer, no perceptible detei'ioration in quality having occurred during 
the t'en days’ journey. 

Another refrigerator car of somewhat similar construction, having 
the external appearance of an ordinary freight car, has an ice box at 
eaeh extremity wherein the ice is placed upon gratings so arranged that 
a current of cold air circulates continually through a flue situated near 
the top of the chamber, over the surface of the ice, down to tlje floor. 
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and then up over tho surface of the ice, down to the floor, and then 
tip again amongst tlie meat. Tlie air circulation is maintained by a 
fan operated in a like manner to that above mentioiu'd. The car was 
also built double, with inside double doors, fllled in with charcoal, and 
the temperature of the meat was easily kept at about 40“ Fahr. even 
in the hottest weather. 

As has been already mentioned, Godell uses lampblack, or a mix- 
ture of lampblack and mica scales, as non-conducting material for use 
in refi‘igei‘at or cars. 

In another arrangement, alst> used in America, the car is cooled 
by means of some suitable volatile liquid, whicli is allowed to vaporise 



Fig. 207. — Kefrigoratoi* Van or Waggon, (ireat Souther i anil Western 
Railway, Ireland. End Elevation partly in Section 


slowly through a system of pipes from one reservoir into another, thus 
reducing the temperature of the chamber. An objection to this 
arrangement is the danger of leakage of the volatile liquid taking 
place into the reffigerating chamber. 

Fig. 2Cfl is a side elevation partly in section, Fig. 267 is an end 
elevation partly in sinaion, and Fig. 268 is a sectional plan showing 
a refrigerator van or waggon built for the Great Southern and Western 
Railway of Ireland. These illustrations, which are reproductions on a 
reduced scale of cuts that appeared in let mtd Cold Storage^ are 
self explanatory. • 

A refrigerator van, car, or waggon, said to be in use upon the 
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Illinois Central Railway, U.S., and which has been designed and 
patented by Mr H. F. Stanley, the foreman of the car department at 
New Orleans, Louisiana, is shown in Figs. 269 and 270 in sectional 
side elevation and in plan, and, according to the patent specification, 
consists essentially of the following features : — The car is provided 
with three floors, viz., a central or main floor a, which slopes in a 
downward direction from the sides of the van towards a central gutter, 
which runs through its entire length, and serves as a drain to carry off 
all internal drippings ; a lower or sub -floor b, lined with paper-felt ; and 
lastly a false, or deck floor c, formed of lattice work, and arranged in 
sections divided on the centre line of the car, each section being hinged 
or jointed to the sides of the latter, to admit of its being raised or 



Fig. 268. — Refrigerator Van or Waggon, Great Southern and Western Railway, 
Ireland. Sectional Plan. 


folded up, and thus allowing of access to the central or main floor and 
gutter for cleansing purposes. Ventilating doors d are provided at 
each end of the car, through which a current of ah can be admitted 
which will circulate between the main floor and the latticed upper floor. 
E are hatches fitted with ventilating hoods, and removable plugs, and 
auxiliary screens, which admit of filling the ice tanks f. 

Tlie ice tanks or boxes are formed by doors or swinging partitions, 
hinged or jointed to the roof of the car about 3 ft. from each end, so 
that they, can be either fastened up out of the way, as shown at G, or 
^et down until they hang vertically, and reach the floor, as shown at G^, 
forming, when in the latter position, the ice compartment or chambeft;’ 
F. At a height of I ft. 6 in. above the upper or deck latticed ^oor c, in 
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this icc chanibor or conipnrtmcnt f, is providod a deck or false floor ii, 
which consists of a hinged grating, which can be brought down into 
the position shown in Fig. 269 or can be folded back against the end 
of the car when not in use. The side door openings i are fitted with 
cross-bars .t, which can be fixed firmly in position in such a manner 
as to be easily removable when desired. The van or waggon is sup- 
ported upon bogie frames. A special feature in the arrangement is the 
very great facility with which the van can be converted from an 



Fig. Renigeicilor Car or Waggon, Illinois Cential Railway, U.S. 
Side Elevation partly in Section. 





Fig, 270. — Refrigerator Car or Waggon, Illinois Central Railway, U.S. 

Sectional Plan. 

ordinary car or waggon into a refrigerator car, or viee the time 

necessary foj- effecting the first-mentioned change, or for folding up 
out of the way the parts forming the ice chambers or compartments, 
being only about 'ten minutes. The car is, therefore, available for 
use as an ordinary freight car or waggon, or as a refrigerator car or 
van. The principal dimensions of this van or car are as follow; — 
Length of frame, 37 ft. ; width of frame, 9 ft. Outside length of 
car body, 36 ft. ; width of car body, & ft. Inside length of car, 35 ft. ; 
width ofocar, 7 ft., from wall to wall, without ice chambers? or compart- 
24 
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mentH. Height from upper or deck floor to ceiling plate, 8 ft. Clear 
apace in car when ice chambers or tanks are in position, 29 ft. ; width 
of ice chambers or tanks, 3 ft. each ; length of do., 7 ft. ; capacity of 
do., 108 cub. ft. The false upper or deck flooring is formed of 
2 in. by 4 in. battens, and the central or main flooring of in. by 
5 in. battens. The lower or sul>floor has a |-in. lining. The space or 
clearance for the circulation of air between the upper or deck floor and 
the central or main floor is 4 in. The width of the gutter in the central 
or main floor is 4 in. The doors or swinging partitions for forming the 
ice cliambers or compartments are constructed of 2 in. by 2J battens. 
The width of the side door openings is 5 ft. The timbers supporting 
the bogie trucks or (jarriages are 8| in., and the centres of the 
latter are 5 ft. from the end of the car or van. The distance between 
the centres t)f the wheels in the trucks is 5 ft., and the height of the 
top of the truck from the wheel ba.se is 29 in. 

John Lobrist, of Hanford, California, has designed a refrigerator 
car, comprising vertical ice tanks or chamliera placed at each end, to 
which chambers access can be had for charging through hatches having 
hermetically closing doors. These chambers are surrounded by open* 
work walls with an annular air passage arranged exteriorly, and a 
second open or net-work wall located outside the air chamber. In a 
space or clearance situated exteriorly to the air chamber, and between 
the latter and an outer closed casing, is placed a layer or filling of salt. 
A lining extends right across the top of the car and from end to end 
thereof, so as to form a passage between it and the roof; and a 
central opening which communicates with the body of the car, and 
openings at the extremities which give access to air passages surround- 
ing the ice chamber,, are also provided. Centrally along the floor of 
the cor is a passage, around and over which passage the bdxes are 
packed, openings being provided between the opposite ends of the 
passage in question and the lower ends of the refrigerating air 
chambers at the ends of the car. Fans mounted in these openings 
cause a circulation of air to take place through the refrigerating 
chamber and the body of the car, the air returning through the air 
passages adjacent to the roof of the latter. The air-circulating me- 
• chanism is driven by an arrangement of gearing from the axles of the 
car, which operates the pistons or plungers of compressor cylinders 
connected with compressed air receivers or reservoirs. The air thus 
"(joiiipressed is employed to drive motor wheels, which in turn drive the 
fons. A compressor cylinder fixed to a frame to' which the crankshaft 
working the compressor pistons or plungers is journalled, and which 
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cylinder is connected tliiough a suitable pipe with the compressed air 
receiver or reservoir, admits, by allowing air under pressure to enter the 
cylinder, of so acting upon its piston or plunger as to raise the journal 
frame and crankshaft, thereby disengaging the driving gear and stop- 
ping the action of the pumps, when desired. 

Refrigerator cars have also been designed, fitted with refrigerating 
machinery. One type of car patented by M . E. Schmidt and T. J. Ryan, 
of York, U.S., has an installation of refrigerating machinery on the 
ammonia compression system. A dynamo, driven from one of the 
axles, supplies current to an electro-motor and to a storage battery. 
The compressor is in this manner driven by electric power, and by 
means of the storage battery can be continued in operation for a cer 
tain time whilst the car is at rest. 

An attempt has been recently made iu the United States, by the 
Standard Butter Co., Oswego, New York, to refrigerate or cool a 
car or van for the transport of butter, by the application of liquid 
air. The refrigerator car used was an ordinary one, and the expense 
of adapting 11 for the test was only about £ 5 . 

Tlie cooling apparatus is extremely simple, consisting merely of 
about 200 feet of 2-in. galvanised iron pipe coiled on the ceiling, and 
running lengthways from end to end of the car. This pipe is con- 
nected to a small cylindrical galvanised iron tank some 4 ft. high, and 
2 ft. in diameter, which is fixed in one comer of the car, and con- 
tains the liquid air. From this iron tank the liquid air is forced, at 
a pressure of about 4 lbs. to the square inch, to the coil of pipe 
overhead, an arrangement which, it is claimed, admits of the tempera- 
ture of the van being raised or lowered at the will of the operator. 

According to reports of the test, within an hour from the first appli- 
cation of liquid air to the van, the temperature was reduced to 15“ 
below zero, and held at that point for three hours. The tank used 
contained sufficient liquid air to keep the temperature down for twenty- 
four hours without having to be recharged. The air in the van was 
found to be perfectly pure, there being no moisture anywhere to be 
seen, very little frost on the pipes, and no drip whatever. After the 
test the floor was4}lean and dry, and the truck itself presented in every 
way a much more pleasing look than when ice is used, with its waste 
and continual drip. 



CHAPTER XIV 

JiEFUKiERATlON AND Cmi) STORAOE {confumnl) 

Hoisting and Convoying Machinery. 

A NUMBER of cranes, and hoists and lifts, are required in a cold store 
of any size for handling the carcasses. The first-mentioned do not 
differ materially from those employed in factories, warehouses, tl'c., 
the second, however, are usually of special construction. The motive 
power may be either steam, gas, compressed air, water under pi’es- 
aure, or electricity. The advantages of hydraulic power are: Perfect 
security in handling the load when raising or lowering it, and being 
able to stop the load in any position. Great simplicity of construction. 
Facility of operating enabling skilled operators to bo dispensed with. 
Relatively small cost of construction and operation. Noiselessness in 
action. The provision of water under pressure on the premises in case 
of fire. All the above advantages, except the last, are also applicable 
to the use of electricity, and the latter power has the further advan- 
tage of being unaffected by cold. Space does not admit of more than 
touching briefly upon this portion of the subject, and of giving illus- 
trations and short descriptions of two or three carcass hoists by way 
of example. Short descriptions of cranes, hoists, and conveyors for 
handling ice will be found in the chapter on “ Ice-making.” 

Figs. 271 to 276 show various views of an automatic electric beef 
hoist, designed 'by Messrs J. G. Childs & Co., Ltd., London. The 
construction of the hoist will be readily understood from the drawing. It 
consists of any suitable number of cradles, in this instance ten, running 
in vertical guides, and suspended from two endless chains. Two hinged 
platfbrms are provided at each floor, the one for loading and the 
other for unloading, and these platforms are turned back out of the way 
at all the, floors not in use. In order to v load the hoist, the loading 
pjgtform on any of the floors is turned into position to receive the 
carcasses, MThich are then placed one by one upon this platform, the 
next cradle in rising lifting the quarter of beef and carrying it up over 
the top of the lift and down on the other side, finally depositing it 

373 
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FigB. 271 to 276.— Childs’ Patout Automatic Electrically -di’ivcu Beef Hoist or 
Ele\'ator. 
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automatically upon whichever of the hinged receiving platforms or 
forks that has been adjusted into position to /receive it and lift it off 
the cradle. The cradles are kept in the same position and are pre- 
vented from swinging or moving laterally during the rising and 
descending movement of their vertical travel by means of the vertical 
arms shown, one of which is provided at each side of the cradle, and is 
fitted at each extremity with rollers engaging between vertical guides. 
The upper ends of these arms are connected to the endless carrying 
chains of the hoist, and the cradle is secured to the lower ends of these 
arms or levers. When each of the cradles reaches the upper or lower 
sprcxiket or chain wheels supporting the endless chains, and is passing 
round them, the rollers on its arms or levers pass clear of the guides, 
and it will be seen that the cradles are consequently permitted to 
swing free from their pivot at the upper end of these levers, and tlius 
to retain a vertical position whilst passing round the upper and lower 
sprocket or chain wheels. After clearing the sprocket or chain wheels 
the rollers on the vertical arras or levers once more engage in the 
vertical guides. 

The beef hoist motor (which is a Westinghouse H.P. electric 
motor) is located at the upper extremity of the hoist, and is geared 
thiough a worm-wheel, the thrust of which is taken up by ball-bear- 
ings, which have been found greatly to reduce the friction of the 
gearing. The switching arrangements enable the above motor to run 
on either a 530 volt current, or on a 400 volt current. 

The motor can only be started from the weigh bridge room, which 
latter is situated on the ground floor, but it can be stopped by means 
of any of the press buttons placed on the various floors. 

Fig. 277 shows a portion of one of Childs’ patent hoists or elevators 
erected at the Campania Sansinena’s Cold Stores, Long Lane, Smith - 
^eld, London, with a quarter pf beef in position on one of the cradles. 

This beef hoist has a capacity equal to the delivery of about 300 
quarters of beef per hour on the uppermost floor of the store, which 
In the example ^own is four storeys in height, at a cost of about 
2Jd. per 100 quarters. A considerable saving of labour can be 
effected by the use of this lift, inasmuch as by its automatic system 
of delivery it enables a number of hands that would be otherwise 
Ijequired. fw the removal and handling of the heavy quarters of beef 
to be dispensed with. The carcasses are delivered in close proximity 
to the chambers, and could, if desired, be easily slid on suitable chutes 
or uiclines to and through the doors of the chambers, and be thus 
IMWsed entirely automatically into the latter. 
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The elevators for the Southampton Cold Storage Co. have like- 
wise been designed and are being supplied by Messrs Childs. These 



Fig. 277.— Childs’ Patent Automatic Electrically -driven Beef Hoist. 
View showing a Quarter of Beef in position on one of the cradles. 


elevators are each intended to tak^ the produce from the ship’s side, 
raise it about 50 ft. vertically, and then convey it for about anothei 
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50 ft. horizontally, finally automatically depositing it at the desired 
spot. Elach elevator will be capable of dealing with about 1,800 car- 
casses of mutton per hour, or about 600 quarters of beef, barrels, or 

Continental egg -cases 



Fig. 278. — Mutton Hoist in London Cold Stoi-e. 


per hour. 

It will be seen that 
these lifts are really 
combined elevators and 
conveyors. 

Fig. 278 is a view 
showing a portion of a 
mutton hoist, also con- 
structed by Messrs 
Childs, and working 
at the Campania San- 
sinena’s Cold Store in 
Ijondon. This hoist, 
it will be seen, con- 
sists of two vertically 
arranged parallel end- 
less chains, carrying 
at intervals sheet-iron 
trough-shaped cradles 
or carriages, into which 
the carciasses are 
placed, and from which 
they are removed by 
hand. The hoist is 
operated by an elec- 
tric motor located, in 
this instance, at the 
bottom. 

This mutton hoist 
is capable of delivering 
about 700 carcasses of 
frozen sheep per hour 
at the top or fourth 


floor of the store at a 


cost of about tiiree-farthings per hundred carcasses. 

i'igs. 279 and 280 are two viey^s showing an external carcass hoist 
or lift erected at Nelson’s Cold Storage Wliarf, Lambeth, by Messrs 
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R, Waygood & Co., Ltd., Falmouth Road, London, for raising frozen 
carcasses from barges lying in the river, and delivering same to the top 
of the cold store, from where they are distributed to the various floors 
by means of internal lifts. 

This lift or hoist consists, as will be seen from the cuts, of a number 
of cradles carried by two parallel endless chains mounted upon sprocket 
or chain wheels, those at one end being carried upon a long arm or jib 
pivoted at its upper extremity to a suitable platform, and capable of 
being swung or moved by hydraulic power into various angles rela- 
tively to the platform, so as to enable the carcasses from barges lying 
at different distances from the wall of the store to be raised, as shown 
in Fig. 280. The endless chains carrying the cradles pass over sprocket 
or chain wheels provided upon the platform to other sprocket or chain 
wheels situated Avithin the building at the point of discharge. 

Another large cold store in Dmdon, with river frontage, in which 
the carcasses are also taken in from the top, and conveyed down by 
lifts to the various floors below, has at the upper part of the building 
a crane with a very long jib, enabling barges lying at a considerable 
distance from the wharf to be reached. The carcasses are raised from 
the barges by means of this crane in a sailcloth, a number at a time, 
and are delivered to a suitable platform at the top of the store, from 
whence they can be delivered to the vertical internal lifts, and con- 
veyed thereby to the various floors. 

In some stores lifts capable of carrying both passengers and meat 
in trucks are employed, and also lifts of the ordinary direct-acting 
type, with arrangements for tipping automatically at the end of the 
stroke so as to effect the discharge of the loads on to a receiving table, 
the latter being in use at the Victoria Dock, London. At the West 
India Dock there are four hydraulic lifts, which are supported on one 
side only in the form of a bracket, and the greater part of the work of 
transporting the frozen carcasses is. carried out by gravitation. 

In the West Smithfleld store, besides two lifts by Messrs R. 
Waygood <fe Co., capable of carrying either passengers or goods, 
there are two other lifts designed by Mr H. P. Donaldson, M.I.C.E.,* 
which are so arranged that carcasses of meat are loaded at the receiv- 
ing platform, where the attendant in charge is already informed by the 
tallyman as to the chamber into which the various loads are to go. 
By levers b© throws the points over to the floor on which the carcasses 
have to be discharged, and starts the lift, after which he need only let 

* of the InstUuiion of idivU Engineered rol. cxxix., Session 1896:7,"^ . 

Jpart iii. 
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Fig. 280. — External Carcass Hoist at Nelson’s Gold Storage Wharf, 
London. At Work. 
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the lift run its course, as, when it reaches the point at which the turn- 
out has been prepared, an automatic cut-off in connection with the 
lever comes into play, and the machine is stopped at the exact place 
at which the best result in discharging is to be obtained. In practice, 
however, the driver generally slackens the speed of travel just before 
reaching the point of discharge, so as to avoid the jar which results 
from the automatic cut-off due to the high speed at which these lifts 
travel. The meat so discharged on to a table overhead naturally falls 
away by gravitation, and passes along chutes directly into the chamber 
for which it is intended ; so that from the time the meat is placed upon 
the lift at the bottom, it only requires to be directed into its proper 
chute from the receiving-table, and has not, of necessity, to be again 
lifted until it reaches the chamber in which it has to be stored. 

A lowering apparatus of extremely simple and ingenious construc- 
tion which is much employed in the United States, consists essentially 
of a cage guided by two supporting angle irons, and somewhat more 
than balanced by a weighted piston, which latter is fitted with a steel 
air tube located at the rear. This air tube is perforated in order to 
admit of the air escaping therefrom when the piston rises during the 
lowering of the cage, and the perforations near the upper end or top 
of the tube are regulated in size and made smaller so as to cushion the 
air as the cage reaches the lower level. In operation, as soon as 
the cage is loaded it descends very rapidly, and is brought gradually 
to rest in the last two or three feet of its downward course. As soon 
as the cage reaches the bottom level it engages with a lever and is 
automatically upset or tilted so as to turn out its load on the lower 
platform, and directly it is relieved of its load the cage rises or ascends 
rapidly under the action of the loaded piston located in the air tube, 
the piston and cag^ being brought to rest by air cushioning at the 
bottom of the tube in a manner practically similar to that already 
mentioned. It will be seen that this lift or lowering apparatus 
operates entirely by gravity, and requires no motive power whatever. 

This apparatus could be advantageously employed wherever the 
dimensions of a room or chambei- are so limited as to render the use 
of an ordinary “nin way” or sliding way” inadvisable owing to 
necessitating too steep a gradient in the latter. 



CHAPTEK XV 


llEFliKlEKATIOX AND COLD STORAGE {mifinmil) 

Proper Methods of Stoiing, and Temperatures for the Cold Storage of Various 
Articles —Specific Heat and Composition oi Victuals — Meats and Fish— Butter 
— Cheese- Milk- ~Kgg8— Fruits — Vegetables — Morgues or Mortuaries -Table 
of Temperatures for Cold Storage of Various Articles, 

SpKAKiNfi generally, cold storage rooms or chambers are maintained 
at a temperature of somewhere near .*1^° Fahr. ; rooms or chambers for 
chilling at about 30° Fahr. ; and freezing rooms or chambers at any- 
thing between 0° Falir,, or lower, and 10“ Fahr. 

The amount of refrigeration required to cool a given amount of 
food product through a given range in temperature is a practically 
fixed quantity for a given product, but varies widely with different 
products. The following particulars on this head are given by Mr F. C. 
Matthews in an article entitled “ Cold Storage Duty,'’ which appeared 
in a recent number of Power ^ New York : — 

“ When cooling is not to be carried below the freezing-point the 
amount of the refrigeration reejuired, says the author, may be found 
by multiplying the specific heat of the product by the number of 
degrees through which it is to be cooled. If the product is also to be 
frozen, this amount of refrigeration must be increased by the amount 
of the latent heat of fusion, and if cooling is to be continued below the 
freezing-point, the refrigeration must be further increased by the specific 
heat of the product below 32° Fahr. multiplied by the number of degrees 
through which it^is cooled below freezing-point. The specific and 
latent heat of a number of products commonly preserved in cold 
storage arc givejj in the table. 

“It is required, for example, to cool 10,000 lbs, of freshly killed 
poultry through 68° Fahr. The specific heat as given in the table is 
•80“. The number of B.T.U. to be removed will be — 

•80x10,000x68 = 544,000. 

Dividing this result by 144 (number of B.T.U, per pound of refrigera- 

38x 
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tion), the amount of cooling duty is found to be 3777*7 lbs. If the 
pt)ultry is frozen, the additional refrigeration required will be — 

10,000 X 105 - 1,050,000 B.T.U. 

or (-rl44) 7,292 lbs., and if additional cooling to zero degrees Fahren- 
heit is required, the additional cold necessary will be — 

10,000 X -42 X 32 = 134,000 B.T.U. 

or 933*3 lbs. The total refrigeration duty required to cool the pro- 
ducts through 68° Fahr., freeze it at 32“ Fahr., and then chill it to 
zero degrees Fahrenheit, would be — 

3777*7 + 7,292 + 933*3 = 12,003 lbs. 

or, dividing by 2,000 (pounds per ton), 6 tons. 

“ The table may be found convenient in estimating the amount of 
refrigeration required to chill beef, pork, and sausage through 64° 
Fahr., pr from 104° to 40° Fahr. 

‘*Jt'niay be noticed that ten 750-lb. fat beeves, and thirty-five 250-lb. 
hogs require one ton of refrigeration for the cooling of the meat alone. 
In estimating the cooling capacity of a medium for packing-house 
work, a ton of refrigeration is allowed for from five to seven beeves, 
weighing from 700 to 750 lbs., and for from fifteen to twenty -four hogs 
weighing 250 lbs. 8till another rough rule sometimes employed is to 
allow a ton of refrigeration for from 3,000 to 4,000 lbs. of meat cooled. 
These larger figures are intended to give ample reserve capacity to 
provide for ordinary insulation and other losses encountered in packing- 
house practice.” 


BEFRIOERATrON REQUIRED TO CooL }A}ikT».—Matthew$. 


‘ Products. 

Poultry. 

Beef Fat. 

Beef 

Medium, 

Beef Lean. 

Pork Fat. 

Sausage 

0^7. 

Water). 

Specific heat - 
B.T.U. to cool 1,00011)8. 

0*80 

0*60 

0*68 

0*77 

0*61 

0*66 

- - - 

to oool 1,000 lbs. 
^^64“ Fahr. - - - 

E^ounds refrigeration per 
. 1,000 lbs. ,(64*° Fahr.) - 
of meat cooled, 64° 

800 

600 

680 

770 

510 

660 

61,200 

38,400 

43,620 

49,280 

32,640 

41,600 

355*55 

266*66 

^2*22 

333*66 

226*66 

228*88 

*per totii refrigeration • 

5,626 

7,600 

6,616 

760 

5,844 

8,766 

6,923 

f, 

1 vera^weigbt (!Saroa8s, lbs. 


760 

760 

250 

^t^cames oooled per ton • 

... 

10 

6*82 

1 7*78 

36*3 

m 

*" ^ ’ 
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Spboifio Heat and Composition op Victuals— C oo^oer and Matthews. 


Product. 

W.Ater. 

Solids. 

Lean beef - 

72*00 

28-00 

Fat beef 

.'51*fK> 

49-00 

Veal - 

0.3 -00 

3700 

Fat pork - 

.39 -(M) 

61-00 

Eggs - 

70-00 

30 -(K) 

Potatoes - 

74 -(K) 

26 -(K> 

Cabbages - 

91-00 

9-00 

Carrots 

8.3-00 

17-00 

Cream 

.79-2.5 

30-7.5 

Milk - 

87 -.50 

12-,50 

Oysters 

80 -.38 

19-62 

White fish - 

78 -(M) 

2200 

Eels - 

62-07 

37-93 

Lobsters 

76-62 

23-.38 

Pigeons 

72-40 

27-60 

Poultry 

73-70 

26-;^) 

Butter 

... 


Mutton 




Specific 
Heat above 
Frecj'ing 
Calc. 

Specific 
Heat below 
Freezing 
Calc. 

Latent 
Heat of 
Freezing 
Calc. 

0-77 

0-41 

102 

0-60 

0-.34 

72 

0-70 

0-.39 

90 

0-.51 

0-.30 

.5.5 

0-76 

0-40 

100 

0-80 

0-42 

105 

0-93 

0-48 

i 129 

0-87 

0-4,5 

118 

0-68 

0-.38 

84 

0-90 

0-47 

124 

0-84 

0-44 

114 

0-82 

0-43 

111 

0-69 

0-38 

88 

0-81 

0-42 

108 

0-78 

0-41 


0-80 

0-42 


0-64 

0-84 


0*67 

0-81 



Meats and Fish. 

Tho freezing and stx)ring of meat has been already touched upon 
in the previous chapter. Fish is by no means an easy article to deal 
with, and it is maintained by many that the best method of preserving 
it is to pack with ice. Indeed, attempts to employ refrigeration on 
steam trawlers have not been signalised by remarkably good results, 
and the old plan of an ice room still holds the leading place. Some 
kinds of fish indeed will not stand low temperatures at all, and are 
spoiled if they are exposed to anything as low as IS”. 

The following is a method of freezing fish, described by a successful 
firm in the United States: — “When the fish are unloaded from the 
boats they are first .^rted and graded as to size and quality. These 
are placed in , galvanised iron pans 22 in. long, 8 in. wide, and 2J in, 
deep, covered with loosely-fitting lids, each pan containing about 12 lbs. 
The pans are then taken to the freezers. These are solidly built vaults, 
with heavy iron doors, resembling strong rooms, and filled with coils 
of pipes, so arranged as to form shelves. On these shelves the pans 
are placed, and as one feature of the fixtures is economy of space, not 
an inc)i is lost. The pans are kept here for twenty-four hours in a 
temperature at times as low as 16“ below zero. Each vault or chamber 
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ha.s a ciipacity of tonn, and there are sixteen of them, .ij;ivin^^ a total 
capacity of 40 tons, which is the amount of fish that can be frozen 
daily if required. 

“ On being taken out of the sharp freezers the pans are sent through 
a bath of cold water, and when the fish are removed they are frozen in 
a solid cake. These cakes are then taken to the cold storage ware- 
house, which is divided into chambers built in two storeys, almost the 
same as the sharp freezers. The cakes of fish, as hard as stone, are 
packed in tiers, and remain in good condition ready for sale. Tt is 
possible to preserve them for an inclefinitc^ time, but as a rule frozen 
fish are only kept for a season of from six to eight months. They are 
froz(;n in the spring and fall, when there is a surplus of fish, and sold 
generally in the winter, or in the close season, when fresh fish cannot 
be obtained,” 

For shipment, says the same authority, fish may be packed in bar- 
rels after the following directions Put in a shovelful of ice at the 
bottom^^of the barrel, and be always careful to see that auger holes 
are bored into the bottom of the barrels, to let the water leak out as 
fast as it is produced l)y the melting ice. After putting in a shovelful 
of fine ice, crushed by an ice mill, put in about 50 lbs. of fish ; 
then another shovelful of ic(‘/ on top of the fish, cfec., until the barrel 
is full, always leaving space enough on the top of the barrel to hold 
about three shovelsful of ice. By shovels, scoop shovels are meant.” 

The following is said to be the usual method adopted in salmon 
freezing works on the Pacific Coast : — The choice steel head and oval 
Chinook salmon are received in a large, airy room, where they are 
washed, thoroughly cleansed, and laid upon large trays, which are 
ranged in tiers one above the other. When a truck-load of these trays 
is filled it is wheeled into the freezing room, where it remains about 
thirty-six hours. The cars are then wheeled into the packing room. 
Here the fish are placed upon a large elevator or dipping machine, and 
submerged in ft vat of cold Water. They are then let stand for a 
few minutes, and a thick coating of ice is formed around each fish. 
The fish are then wrapped separately in paper and packed in boxes, 
which are put into refrigerator cars and shipped to the markets of 
the world. 

Mr C. J. Tabor, in a paper read before the Cold Storage and Ice 
Association, gives the following particulars regarding the preservation 
' of fish : One of our large refrigerating companies, he says, has hit on 
the plan of covering fish with a Ihin layer of water and then freezing 
it. So to speak glftzing the goods, and from samples I hav^ seen this 
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works very well ; but let us consider what has happened : the whole 
body has first of all been copied down to 40° Falir. before the surface 
ice can form. I myself have often preserved white fish — cod, haddock, 
turbot, plaic(‘, hake, tfec. — by simply hanging them in a store at 
28" Fahr. and leaving them till hard frozen, then transferring them to 
a chamlxjr cooled down to 15" Fahr., tliey were delivered in Melbourne 
three months later in the pink of condition. Most of the pleuronectidte 
bear refrigc^ratimi exceedingly well, but soles and smelts do not ; the 
former appear to 1x3 broken up by the process and will not skin 
pr’operly. Smelts aT*e so delicate that a natural frost often renders 
them unsaleabh;. Salmon bears the initial freezing very well, 1but if 
idlowed to rise in temp(;rature and be then refrozen it l>ecomes unsightly 
an<l rank in flavour. Eels will not bear the refrigerating process, but 
bec<mie so rank as to be uneatable. The r 'ason I would assign for 
this rancidity both in <3els and in sahiK 11 is that in th(3 natural order 
of things fr(‘sh salmon contains a deal ^4 oil in the fat which con- 
stitutes the so called i;urd, so appreciated in fresh salmon ; when it is 
(iooled d(Avn to i low tomj)erature the fat cells are burst, and permeat- 
ing the tissue give it a rank flavoui The uil, moreover, finds its way 
to the surface and clauses that yelk)w look so often seen in long stored 
Sainton which has (‘xperienced anything in temperature; on this 
oleaginous pabulum a peculiar form of mould is often found. I'rozen 
salmon retjuires to be usf'd as soon as thawed ; if exposed for any length 
of time the flesh go(;s into a soft mass and looks as bad as it tastes. 
Eels are nearly as delicate as smelts, and are spoiled for commercial 
purposes even if naturally frozen.” 


Bu'itek. 

Butter can be preserved by either keeping it in a chamber at the 
ordinary cold storage temperature, or by freezing, the latter being said 
to give the best results as regards the retention of the flavour and other 
qualities of the butter. For lengthened storage it is recommended to 
freeze the butter rapidly at a temperature of from 5° to 10° Fahr., and 
afterwards to keep it^ at about 20° Fahr. 

The thawing can be effected by simply removing it from the freezing 
chamber, and when selling it is desirable to allow the butter to stand 
for a short time in order to develop tlie flavour. See also chapter on 
“ Refrigeration in Dairies,” pages 422 to 438. 
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Cheesk. 

Cheese should not he placed in coid storage until it is getting on 
in ripening, so as to prevent unpleasant odours, and it should not be 
previously subjected to any high temperatures. Clieese is Letter not 
frozen, but in case the latter should occur, the thawing must V)e 
gradual, and it is advisable to consume it as soon as possible, as it 
will not k(;ep long after this has occurnul. Tf the atmosphere of the 
room is too dry the cheese will shrink and crack, anti on the other 
hand, if damp, the cheese will become mouldy. 


Milk. 

Milk should only be kept in cold storage for limited periods A 
methiHl has, liowever, l>een proposed, according to Profirssor Siebel, for 
concentmting milk by the freezing process by which part of tlu^ water 
in the milk is converted into ice. The ice is allowed to form on 
the surface of the pans, which are placed in cold rooms, and the surface 
of the ice is broken frequently, to present a fresh surface for freezing. 

The refrigeration and cold storage of milk will be found furtlier 
dealt with in the chapkn* on ‘‘.Refrigeration in Dairies,” pages 422 
to 438. 


Eons. 

Eggs can be kept in cold storage for some month.s, but the ditti- 
culties to b(’! overcome in order to ensure .success aixj considerable. 

The contents of eggs can l>e stored in bulk, to eifwt which the 
eggs arc emptied iiit<j tin cans containing about 50 Ilw. and stoied at 
30'" Fahr. They will keep for any reasonable length of time, but 
mu.st Ije used quickly after thawing. 

Tn the United States, where much attention has been given to the 
cold storage of eggs and where the value of the eggs placed in cold 
storage annually is estimated at about $20,000,000 (and it must be 
remembered that the prices there are low, and consequently this sum 
represents a very large quantity), many concerns met with financial 
disaster, tuid those which have succeeded have had to instal new 
systems and make expensiv'e changes. 

^ It is important that eggs for cold storage should be very carefully 
selected, and that every bad ‘one should be picked out by /jandlin^ 
Considerable attention has been given in Belgium to the cold storage of 
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eggs, and at a large establishment (La Fermiere) in Brussels the follow- 
ing is the process carried out. On arrival the eggs are rapidly in- 
spected by means of an egg-testing machine, which consists briefly of 
a frame fitted with an endless moving carrier worked by hand, and 
CHjnstructed of bobbiTis fitted closely together aiid lined with cloth, 
thus affording accurate hollows in which the eggs may be placed. 
Over the central portion of the frame is constructed a dark chainl)er 
or room through which tln^ carrier moves, and beneath the canier in 
this dark chamber is a powerful electric lamp by which the spots 
or dark colour of the bad eggs will be shown up. This apparatus 
admits of an exceedingly rapid inspectioi^, a large-sized one installed 
•it the works in (|uestion Ixung capable of dealing with between 
four and five hundred eggs per minute. The eggs are fed on trays to 
the testing machine, and after testing arc placed in cases of from 
three to five hundred, the smaller pmd’age being found to be the 
most convenhuit for liandling. These ca^es are first taken to an outer 
egg st(n’e, wher(! they are reduced to a temperature of about 33^ Fahr. 
From th(‘re tic y are removed to tlu? general store where they are kept 
at a temperature just below freezing. The cold rooms are provided 
with large aii* locks or lobbies. 

An important point to Ih 5 attended to in the cold storage of (^gg.s 
is the coi'vect relative humidity, too dry a temper aturti will cause 
serious e^'aporation, and two moist a tempei’ature will pi’oduce mould, 
and the exact relative Jiumidity most suitable does not seem to he 
understood oven in tin* United States, judging from the remark 
reporhid to have been made to a refrigerating expert by a prominent 
commission man who observed, alluding to sUaage (‘ggs : “You storage 
men arc l^etween tlui devil and the deep s(‘a. You always shrink 
’em or stink ’em,’’ by which he nurant that eggs held any length of 
time in cold storage would show either a considerable evaporation or a 
radical “ musty ’’ fiavour. 

lire above rtmders it necessary to carefully provide for the ventila- 
tion of egg stores, and ^s the i*eason why absorbents for drying the air 
are largely used. An excellent arrangement for this purpose is that 
which has been already shown in Fig. 194, page 298, which, as has 
been already mentioned, has been designed by Mr Madison Cooper, 
of Minneapolis, Minn,, U.S., especially for the ventilation of egg 
stores. 

According to the above authority the following is the correct rela- 
tive humidity for a given temperature m egg rooms 
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Temperature 

Relative Hiiuiidity 

'I'emperatuie 

Relative Humidity 

in degrees Fahr. 

per cent. 

ill degrees Fahr. 

per Lent. 

2S 

- SO 

35 

- 05 

29 

- 7S 

30 

- 62 

30 

- 70 

37 

- 00 

31 

71 

3S 

- 58 

32 

■ 71 1 

39 

- 50 

33 

09 

40 

- 53 

34 

- 07 




It ifs iiiipussible within tlu; space at command to deal ev^en com- 
paratively fully with the subject of egg storage, and to those interested 
tin; author would strongly recommend the perusal of a little work by 
Mr Madison Cooper entitled “ Eggs in Cold Storage,'’ and published 
by Messrs H. S. Kich iSb Co., Chicago, U.S. 


FnuiTs. 

It’ may be taken as a general rule that all green fruits should not 
be allowed to wither. 

Citrus fruits (orange, lemon, citron, lime, forbidden fruit, or shad- 
dock, tfec.) should be kept dry until tlie skin has yieldiid its moisture, 
upon which the drying process should be arrested. 

There is no particular practice for bananas as the ripening will 
have to be governed according to the demand, and it may be taken that 
the ripening of this fruit can be manipulated at will. 

Tender fruits are better placed in cold storage when just ripe as 
they then keep better than when brought in before being fully ripe. 
Acconling to Professor Siebol sour fruit will not bear as much cold as 
sweet fruit, Catamba grapes will suffer no harm at 26^ Fahr., while 
36' Fahr. will be as cold as is safe for a lemon. The spoiling of fruit 
at tejiiperatures below 40“ Fahr. is due to moisture. 

Tender fruits, such as pears, must be stored whilst firm, and must 
be very carefully handled, and they should be wrapped in paper. 
Once the chemical changes which cause ripening have set in it is too 
late to place them in cold storage. After being kept in cold storage 
peafs will spoil very quickly on removal. 

Lemons as a rule cannot be kept in cold storage for over four 
months, although it is stated that those stored during January, 
February, and March will keep good for five months. 

Grapes do not keep well in cold storage, and lose most^of their 
flavour of taste. The harder species naturally keep better than 
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the softer ones. Grapes lose more of their flavour when kept at 
a temperature of, say, 32° Fahr., than they do when kept at 
40° Fahr. An important point is to carefully pick, select, and pack 
the fruit, and it is to be noted that a single I'otten graj)e will taint a 
whole lot. 

Black currants can bo kept sound, fresh, and c](!ar for ten days, 
after which the fruit begins to wrinkle. 

lied currants can be kept .sound for six weeks. d\unp(u-ature 
20" to 36° Fahr. 

Cherries can be pi*eserved for from ten days to a fortnight at a 
tomperatui'e of 36° Fahr. 

strawberries can be preserved in g(x)d condition for* fifteen days, 
and even longer if special precautions are taken, such as surrounding 
the fruit with cotton wool, or placing it in sieves cover*ed with the same 
material. The Irest temperature is found to be 30° Fahr*. Peaches 
will keep in prime condition for a monf-h ui* six weeks. The same 
remarks as r*egards selection apply equally in these cases, as, indeed, 
they do more o * less to all fruits. 

Apples must not be kept in torr dry on atmosphere, as if this be 
done they will be vilied or witheixid, and th('ir appearance spoilt ; this 
is more especially the case when they ai*e kept at a comparatively high 
temperature. On the other hand too moist an atmosphere and high a 
temperature will cause the apples to burst. The storage of apples 
may be effected eitlier in barrels or boxes, or in bulk, first-rate results 
being obtainable with all provide<l proper precautions as to tempera- 
ture and moisture are taken. 

A process for preserving fruit lias been invented and patented 
by Mr A. W. Lawton, which is said to have proved completely satis- 
factory in an experimental trial of twenty-one days with tomatoes, pine- 
apples, and grapes. 

The process is founded upon the belief that fi’uit is provided with 
bi’eathing cells, which breathe air in a .similar manner to the human 
being, absorbing oxygen and exhaling carbonic acid, or the exact 
reverse of ordinary plant life. The oxygen, when inhaled, combines 
with the sugar or carbon which is contained in the fruit, thereby 
causing self-con8um|ition, or loss of substance. In order to prevent 
this taking place, the atmosphere supplied to the fruit under this pro- 
cess is deprived of most of its oxygen, by which means it is claimed 
that the breathing cells of the fruit become partially closed, and thus 
the further ripening of the fruit is suspended. 

The apparatus employed is shown in Fig. 281, and comprises a. 
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chimney or flue a, a stove b, an air filter c, and an air-tight storage 
room D having a hermetically closing door E. As soon as the fruit 
has been placed in the room n it is sealed up, the atmospheric air 
driven out, and replaced by a sterilised atmosphere produced and main- 
tained in the following way ; — By means of an ordinary blower or fan 
F, air is forced through a stove n containing red-hot coke, whereby the 
oxygon is consumed and any germs or animalcula destroyed. The 
gases thus produced are then filtered by passing through the air filter 
<j and cooled before entering the chamber by passing over refrigerating 
coils. 

Whilst superintending the transportation of a shipment of fruit on 
Ixiard th(^ S.S. “Para,” preserved by this process, Mr Lawton lost his 
life through an accidental explosion of a spare store of chemicals, which 



Fig. 281.— Lawton’.s Apparatus for Preserving Fniit. Diagranimatioal View. 

lamentable accident also resulte<l in the injuiy of several other persons, 
and in considerable damage to the vessel. 

Among a few of the claims put forward by the inventor, mention 
may be made of the following, viz., that fruit can be picked ripe, con- 
sequently perfect, and can in that state be conveyed t-o this country 
from any part of the world, and stored on arrival here. When finally 
exposed for sale it will keep for a long period. And furthermore, 
that the process is simple and comparatively inexpensive, and that it 
can be applied to existing refrigerating installations in conjunction 
therewith. 8ee also Marine Refrigeration, pages 419, 420. 

Vegetables, 

Green vegetables generally should, like green fruit, not be allowed 
. wither. , ^ 

Sound Onions may be maintained in good condition in cold storage^ 

r « 
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for a number of months (six or seven), but care must be taken tliat 
when placed in the store they are as dry as possible, and for this 
purpose they may advantageously Ix) exposed to a dry cool wind so as 
to give up most of their moisture. Onions sliould never b(i stored in 
the same room with other goods, and on their removal the room must 
be thoroughly exposed to the air, well scrubbed out, and when dry 
the walls, floor, and ceiling should be whitewashed. It is also re- 
commended to give the room a good coat of paint or enamel paint. 
Home American authorities hold that if a room has l)een once used 
for storing onions it should not afterwards be employed for the storage 
of (\ggs, buttei’, or other articles especially susct^ptible to odours. 

Parsnips and salsify can be advantageously kept in cold storage 
under th(' same conditions as onion.s, with the exception, however, that 
they will stand freezing without injury. Asparagus, cabbage, carrots, 
celery, can be kept with little humidity. 

Moroues or Mortuaries. 

Th(i Morgu ‘ at Paris comprises a chamber for the reception of 
corpses, a chamber for storing corpses, a chamber for exposing the 
corpses to view, and a hall for the public, which lattei’ is separated 
from the former chamber by a double screen of glass kept tr’anspai'ent 
by a continuous circulation of cold air. On their arrival the corpses 
are received in the reception chamber, where they are undressed and 
washed. Kext they are placed in shells and subjected for from 
twenty -four hours to forty-eight hours to a temperature of - 15" 0., 
after svhich they are placed on view. Should any of the corpses not 
Ix^ identified after a certain time, if desirable, they an' stored at a 
temperature of - G" C. The freezing shells are of metal with double 
walls, and the refrigc'ration is effected by a circulation of cold brine. 
Mechanical ventilation is only employed to regulate the temperature 
of the chambers. 

In the following table will be found the temperatures considered 
best adapted for the cold storage of various articles, as given in the first 
and second editions of “Refrigerating and Ice-Making ]\lachiijery,'' 
and also those recommended by a number of other authorities, arranged 
in columns for convenience of comparison : — 
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CHAPTER XVI 


MARINE REFRIGERATION 

Carbonic Acid Machines — Ammonia Machines — Cold-Air Machines — Arrangement 
of Cargo Holds and Stores — Ice-Making on Board Ship — Barges. 

Marine refrigeration offers con-siderahly more difficulties, both fis 
regards the machinery, and likewise with respect to the installation 
of the cold chambers, than is the case with land insttillations. 

As regards the machinery, in the first place, the space at command 
is necessawly limited, and consequently it is absolutely necessary that 
the design should he such as to occupy the minimum of room, whilst 
affording the maximum of efficiency. 

The agent or medium employed should likewise he. one of a non- 
inflammable nature, and also one having no dek'terious action on 
copper, which metal has to be employed in the condenser in order to 
enable sea water to be used for cooling purposes. 

With reference to the insulation, the settlement or shaking down 
due to the continuous vibration experienced on ship-board has to be 
contended with. For this reason an excellent material to use for 
insulating purposes in marine installations is what is known as “ Non- 
pareil ” cork, which is largely employed in the American Navy. This 
.material consists of granulated cork, made by compressing cork chips 
under hydraulic pressure in iron moulds, and then heating the mass 
while in the mould to a temperature of about 500'" Fahr. This treat- 
ment has the effect of liquefying the natural gum of the cork, and 
forming the interstices between the granules into small closed air 
spaces. On the cooling of the moulds the gum hardens, and the mass 
becomes, as it were, a solid sheet of cork. The weight of “ Nonpareil ” 
cork is only 1 iK per square foot, and it is consequently about the 
lightest insulating material in use. Tt is said to be 13 per cent, 
superior, as a non-conductor of heat, to hair-felt, and 40 per cent, 
superior to sawdust. Slag, or mineral wool, or silicate cotton, is also 
used very extensively, and with grejit success for marine work. 

jAs regards the most suitable system of refrigerating machine for 
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use on board ship, a wide diversity of opinion still exists. In spite 
of comparing unfavourably, as n^gards eliiciency, with machines using 
agents possessed of greater latent heat, cold-air machines might still 
be advantageously used for short voyages, and where coal could be 
obtained cheap, 'inhere are no chemicals to lx; carried, no danger 
from bursting of pi})es or joints giving out, and the machine is com- 
paratively simple and easily managcsl. 

Of machines working on the compression system, and (unploying 
a ref rigei-a ting agent of a mo!-e or less volatile nature, (carbonic acid 
machines ofier advantages which have caused them to bt* v(*ry largely 
(miploy(‘d for marine purpt)S(‘s, a fact which has beiai proved in a 
practical manner by Me.ssrs *1. & E. Hall, Ltd., alone having fitted 
over 1800 machines working on this .systeni on boai’d shi}). 

The qualities which render CO^ particularly suitable foi‘ use on 
ship-board are : First, that this agnmt admits of a much smalhu* com- 
ju'essor being employed relatively to t^e lefrigerating power produced ; 
second, that having no corrosive action on any of the metals, it thereby 
allows, as above mentioned, of copper being usea in the condenser ; 
and third and lastly, but not le,jst, it is not only non-inflammable, but 
has the power to extinguish fire, and is therefore perfectly free from 
danger in this respect. As ri;gards the danger to life through an 
escape of this gas, its specific gravity being gr*eater than that of air 
(CO._, spec. grav. 1*529 air - 1) causes it to fall to the lowest level, and 
in practice it is found that no danger is to bo apprehended from the 
escape of a moderate quantity of CO., if the space be not unduly 
confined and is fairly well ventilated. For this reason the Board of 
Trade’s instructions to surveyors, issuetl in June 1901 rc refrigerat- 
ing machines, contains the following: “The surveyors are therefore 
informed that, unless they are awai*e of any special reasons to the con- 
trary, refrigerating machines in whiidi carbonic anhydride is employed 
as the working agent may bi; placed in the engine-rooms of steam- 
ships, provided the weight of the charge which would be released by 
a breakdown of the machine, or of one portion of a duplex machine, 
does not exceed 200 lbs. 

“ When it is proposed to fit a machine using a greater charge than 
this is an engine-room, full particulars of the case, including size, and 
method of ventilating the compartment, and weight of charge pro- 
posed, should be submitted for consideration.” 

The principles upon which the marine types of refrigerating 
machines work are naturally precisely the same as those employed 
for sej;vice on land, and therefore the differences are merely of a 
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structural nature, adapted to render them more especially suitiible to 
the construction of vessels. It i.s purposed, therefore, in this chapter, 
to merely give a few examples of machines especially designed for 
marine purposes, referring readers for further particulars as to the 
special distinctive details of construction adopted by the various 
makers to the more lengthy and complete descriptions given of their 
land types of nuichines. 

Fig. 282 shows one of J. & E. Hall’s carbonic acid machines of 
the horizontal duplex marine typo, which has been specially designed 
for large insUllations on board ship. This machine is fitted with a 
compound steam (iylinder, the high-pressure cylinder l)eiiig o;i one 
side and the low-pressure cylinder on the other, a double-acting com- 
pressor being driven by a tail-rod from each cylinder. The two 
machines are so arranged that either both sides can be worked 
together, or, if desired, one half, that is to say, one compressor with its 
condenser an^d evaporator can be disconnected, when tiie other half 
can be wbrked by itself. Each compressor delivers the compressed 
* carbonic acid through an independent condenser, which is placed in 
the base of the machine or built separately as may bt* found to bo 
most convenient, and in which sea water is circulated round the 
condenser pipes through which the carbonic acid passes. 

This type of machine is also built in pairs mounted on tlu^ same 
base or bed-plate, with compound steam cylinders, the high-pressurci 
cylinder being located on the one side, and the low-pressure cylinder 
on the other. The two compressors are, in this type, driven by tail- 
rods from the steam cylinders, and the cranks are placed at right 
angles 5 an arrangement which tends to ensure an even turning move- 
- ment. Each compressor delivers the compressed carbonic acid to an 
independeat condenser, which is usually placed in the base of the 
machine, and in which sou water is circulated round the condenser 
pipes through which the carbonic acid passes. In connection with 
each side of the itjachine a separate evaporator or refrigerator is pro- 
^ vided, which consists, as in the land type, of coils of pipes, in which 
the liquid carbonic anhydride evaporates or gasifies, and which coils 
' are enclosed in a steel casing, in which the brine is circulated by 
means of pumps. The brine thus cooled is, in one arrangement, 
circulated through electrically- welded grids of piping, each containing 
about 200 feet of pipe, which grids are divided into sections, each 
sectmn having a separate flow and return from the evaporator or 
i; refrigerator, and valves being provided for regulating the quantity of 
^ oold b^ine in each section as required by the temperature in the holds^ 
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The grids are placed on the under side of 'the decks over the holds to 
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In another arrangement the brine is passerl thi-ough a suitable 
battery of pipes, over which air is drawn by fans, and is passed 
through the holds to be cooled. 

Jn Pig, 283 is illustrated one of the vertical duplex marine types of 
machines built by the same firni. This pattern of machine is especially 
designed for preserving provisions on passenger steiimers and on steam 
yachts, and for making ice. The machine is fitted with compound 
steam cylin(l<*rs and two compressors, in connection with each of which 


f1 



Fig. 2«4.~-Hall Small Marino Typo of Steam-driven Carbonic Acid 
Compi’OHsifjn Machine. Vertical Central Section. 


latter is a condenser ^and an evaporator or refrigerator, there being 
thus two entirely inde^ndent complete carbonic acid machines, either 
of which can be disdonnocted, and the remaining machine run with the 
compound engine. 

Smaller marine-type machines (Fig, 284) are also made by this firm, 
having a single vertical steam cylinder, and the compressor arranged 
alongside of it, both being fixed to a casting containing the condenser 
coils, whi^ latter are made of copper, and behind which casting is 
26 
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another secured to it, and containing the evaporator or refrigerator 
coils. 

Turning to machines working on the ammonia compression system, 
Fig. 285 shows a marine type of the De La Vergne machine. It is 
a vertical single-acting compressor, actuated by a high-pressure 
horizontal steam engine, fitted with a special governor, which admits 



Fig. 285 .— De La Vergne Vertical Single-Acting Marine Type of Ammonia 
CompreBsion Machine. 


. of the steam supply being determined for wide ranges of speeds when 
required, say for any speed between 30 and 300 revolutions per minute, 
without interfering with the running or stopping the machine. The 
eon^ruction of the compressor cylinder is identical with that illustrated 
in the enlarged sectional view, Fig. 17. 

^ In the marine type of Linde machine a single compound ammonia 
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compressor is employed, which, as in the case of the land type of 
machine, is also driven by means of a tandem compound engine. The 
ammonia condenser is situated 
below the compressor, and is 
fitted with sets of endless coils 
or worms. By the use of a 
compound compressor, that is 
to say, one wherein the com- 
pression of the ammonia gas 
is effected in two stages, the 
loss from re-expansion of gas 
left in the clearances is com- 
pletely got rid of, as such loss 
is experienced in the low 
pressure compressor cylinder 
only, none taking place in 
the high-pressure compressor 
cylinder. 

Figs. 286 and 287 show 
two ammonia machines of the 
horizontal marine type, de- 
signed by Mr S. Puplett, the 
first being a liorizontal ammonia compressor connected with a vertical 
(uigine, all mounbHl upon the same bod-plate, and the second a corn- 



Kig. 280. — Puplett Horizontal Marino 
Type of Steam-driven Ammonia Compres- 
sion Machine. 



Fig. 287.— Puplett Horizontal Marine Type of Belt-driven Ammonia 
Compression Machine. 

pact form of horizontal belt-driven* ammonia compressor, especially 
designed ior marine work. 
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Fig. 288.-T*.HafSlara Vertical Self-contained Marine Type of Steam-driven 
Ammonia Compression Machine. 
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Fig. 288 shows a vertical self-contained marine type of ammonia 
compression machine made by the Haslam Foundry and Engineering 
Co., Ltd., Derby. As will be seen from the illustration, the ammonia 
compressor, steam engine, separator, condenser, receiver, and water 
pump are all mounted on the same bed or base plate, and the design 



Figs. 290 and 291. — Kilbourn Horizontal 8elf-coiitamed Marine Type 
of Steam-driven Double-Acting Ammonia Compressor. Plan and Eleva- 
tion, partly in Section. 

.is such that they occupy as small an amount of space as possible, and 
form a completely self-contained apparatus. The bed-plate is of cast 
iron, circular in form, contains the ammonia condensing coils, and is 
made in two parts ; the back part being readily removable for giving 
access to the condensing coils for 'cleaning and examination. The front 
part is strongly constructed and provided with ribs, facings, and 
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brackets to receive the steam cylinder, ammonia compressor, crank- 
shaft, and other working parts of the machine. 

A water pump, shown on the right-hand side of the illustration, 
and worked by a disc crank on the end of the crank shaft, is provided 
for circulating water through the condenser, and when desired a brine 
pump is also fitted. 

This machine is made in sizes from half-ton ice-making capacity 
per day up to three tons ice-making capacity per day. The three- 
ton machine will maintiiin from 16,000 to 32,000 cub. ft. at 


32° Fahr. in ordinary storage, and 
climate and 10| I.H.P. in a hot 
climate. Three hundred gallons 
of condensing water are required 
per hour, 55° on and 80° off. 
The weight of the machine is 
103 (;wt., and the dimensions 
6 ft. 8 in. in depth, 6 ft. in width, 
and 7 ft. 8 in in height. 

Fig. 289 is an illustration 
showing the latest horizontal 
marine type of Ilasiam compound 
ammonia compressor. This ma- 
chine consists of a compound 
engine, and compound ammonia 
compressors, the gas being thus 
compressed in two .->tages. The 
whole is mounted upon a cast- 
iron bed-plate which in turn is 
mounted upon a wrought iron tank. 


requires 9 I.H.P. in a temperate 



Fig. 292. — Kilbouni Horizontal 
Double-Acting Marine Type of Belt- 
driven Ammonia Compressor. 


which latter contains the ammonia 


condenser coils. . ■ • v u • 

The system of cooling employed with this machine is either brine 

pipes placed in the holds, or the air-blast system ; an installation on the 
latter plan, which the above firm put into the New Zealand Shipping 
Co.’s steamer “ Eua'pehu,” consists of a series of direct expansion 
cooling pipes or coils, placed in nests, over which the air is circumt 
by means of a powerful fan, Tlie air is cooled in passing through the 
coils to any desired temperature, is then circulated through the holds, 

and then returned again to the fan. 

Pigs. 290 and 291 show in plan and in elevation, partly in vertical 
section, a self-contained marine tyiie of horizontal donhle-acting am- 
monia c^ipressor and vertical steam engine, on the Kilbourn sys eno, 
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which is extensively used on American steamers. Fig. 292 shows 
a beh -driven Kilbouni marine type ammonia compression machine. 


This double-acting horizontal 



Figs. 293 and 294.— Marine Type 
of Amonunia Condenser. Plan and 
^Elevation, partly in Section. 


ammonia compression machine is 
driven by a vertical engine, which 
is fixed upon the same base or bed- 
plate in such a manner as to render 
the complete machine very compact 
in design, one of sufficient power to 
keep a storage; capaejity of 22,000 
to 26,000 cub. ft. at a suitable 
temperature for (;hilled beef, 40,000 
to 44,000 ft. for fi-ozen mutton, or 
of making about 6 tons of ice per 
day of twenty-four houi's, requiring 
only a fl(X)r space of 10 ft. by 10 ft., 
including that retjuired for both the 
refrigerator and the condenser. 

The compression cylinders are 
enclosed in water jackets, and are 
fitted with Webb’s patent arrange* 
ment of suction valves. Tin; stuff 
ing boxes and glands are t>f the 
Kilbourn double pattern, that is, 
pach box is formed with a chamber 
placed centrally therein, and into 
which oil is injected constantly for 
sealing’ purposes by a small force- 
pump fixed on the side of the bed- 
plate, and worked from a lever 
connected to the compression pump 
crosshead. The steafti cylinder 
piston rods are coupled by means 
of forked connecting rods to the 
same crank pins as those of the 
compression pumps. 

Improved forms of gas-tight 
joints and of a stop-cock or valve, 


which will be found described On pages 262 to 264, and 253, have been 
alsodeVised, and were patented in 1882 by the same inventor. 

The arrangement of the machine illustrated in Fig. 292 is very 
<^mpact, having been « designed with that end more especiallj^in%iew, 
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and for which pui’pose the ammonia condenser is placed underneath 
the compressor. 

Figs. 293 and 294 show, in plan and sectional elevation, the marine 
type of condenser used in conjunction with these machines. 

Tlie cargo holds of the steamships Campania and Lucania are 
refrigerated with machines of the Kilboum t 3 !^e. The meat-carrying 
chambers in each of these vessels consists of three chambers situated 
forward on the orlop or lower deck, and having a total capacity of 
20,000 cub. ft., which renders them able to carry 2,700 quarters of 
beef. The chambers are very carefully insulated, tlie walls consisting, 
as shown in Fig. 295, first of a double thickness of tongued and 
grooved boards a, a, having a layer of waterproof paper b between 
them, next a 2-in. layer of good quality hair-felt c, and another double 
thickness of tongued and grooved boards d, d, with a similar layer of 
paper k, between them, and finally an inch air space f between the 
latter and the inner or iron deck, the whole being well varnished. 



Fig. 29S.— Insulation of Cargo Holds on board S.S. “Campania” and 
‘ ‘ Lucania. ” Transverse Section. 


The brine cooling pipes, which are of heavy 2-in. galvanised tube with 
malleable cast return bends, are placed on tlie ceiling between the 
deck beams, thus economising head room, and the rails for the meat- 
books are of 1 J-in. galvanised round iron, firmly clipped to the beams 
supporting the docks. The meat hooks which are placed upon the 
latter, for carrying the quarters of beef, are of steel galvanised. 
Thermometer tubes from the upper deck are provided to each chamber, 
so that the temperature in any part of the chamber may be ascertained 
when desired. ^ 

Fig. 296 is ^ plan showing the general arrangement of the machine- 
room. A pair of compressors are employed, a, a are the steam- 
engine cylinders; B, B the compression cylinders; c, c the ammonia 
condensers ; D, D the liquid ammonia reservoirs ; b, e, the refrigerators ; 
F is a brine circulating pump of the duplex pattern ; G is a manifold 
or distributing pipe to the different cooling pipes in the chambers ; H 
is the collating pipe at the top of the rrfr^erator. It will be seen 
that the aeld paints of the machine are enclosed in a separate chamber 
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having walls insulated in a similar manner to those of the meat-carrying 
stores or chambers, thereby preventing as far as practicable loss through 
absorption of heat. 

The compressors are of an ice-producing capacity of 12 tons a day, 
the compression cylinders being 6 in. in diameter by 12 in. stroke, 
and the steam cylinders 8 in. diameter by 12 in. stroke. 

The ammonia condensers c, which are more clearly shown in 



Fig. 296.— Han of Refrigerating Machine-room on Cunard Steamers. 


Figs. 293 and 294, are constinicted of a cylindrical form, the shells being 
made iOf wrought iron, and the covers of cast iron, and they are fitted 
with concentric coils of l|-in. galvanised iron pipe, connected together 
at their extremities by means of tee-pieces made of malleable castings. 
The ammoilia condensers are in this case, moreover, carefully lagged 
with teak wood. The water for use in the ammonia condensers c is 
supplied and circulated by means of a duplex steam pump (not shown 
in the drawing), located in the forward boiler-i'oom of the ^gteamship. 
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The ammonia gas after compression in the compressors b, and lique- 
faction in the condensers c, under the combined pressure of the 
pumps or compressors b, and the cooling action of the condensing 
water circulating on the exterior of the coils or worms in the condensers, 
is delivered to the reservoirs D for the liquefied ammonia, through small- 
bore pipes. From these reservoirs the liquid ammonia is admitted 
through suitable graduated expansion or regulating valves to the lower 
ends of the expansion coils in the refrigerators e, wherein the liquid 
ammonia again vaporises or gasifies, abstracting the heat required for 
this process from the brine surrounding the expansion coils, and being 
again returned to the compressors, and so on ad infinitum in the 
manner already described. The absolute working pressure in the 
refrigerators is about 30 lbs. per square inch. 

The brine having been reduced to the desired temperature in the 
ref rigijra tors, passes into the system of brine circulating pipes, and 
maintains the atmosphere of the cold stons or chambers at a tempera- 
ture suitable for the proper preservation of the meat. The circulation 
of the brine • eftected by the brine pump p, which draws the cooled 
brine from the bottom of the refrig'^rator^ e, and discharges it through 
the distributing tee-})iece and valves, or manifold a, to the different 
sections of the cooling pipes in the chambers, and returns it through 
a similar tee-piec.o, manifold or distributor H to the top f'f the 
refrigei'ator to Ik^ again cooled. The return brine pipes are each 
fitted with a regulating valve and a thermometer, 

The cold air or provision stores or chambers on board of the 
“ Campania ” and “ Lucania ” are fitted up with refrigerating plants, on 
the De La Vergne ammonia compression system. 

The refrigeration is effected on the brine circulation, and not upon 
the direct expansion system, a solution of calcium chloride being the 
agent or medium employed, and this solution is reduced to a very 
low temperature in the usual manner, by the expansion of the ammonia 
gas or vapour, in coils or pipes submerged therein, and is circulated 
by a special pump thr^iugh the system of cooling or refrigerating pipes, 
which latter are fixed to the under side of the roof or ceiling of the 
cold store or chamber. 

The method eniployed for the insulation of the store or chamber 
is shown in Figs. 297 and 298, which are vertical sections through 
the roof or ceiling thereof. A, A are the refrigerating pipes; b, b 
the meat rails ; c is a filling of sawdust ; d, d are layers or skins of 
tongued and grooved boarding ; E is a layer of hair-felt ; and P, P 
are layert:"’ of tarred waterproof paper. The brin^ pipes are divided 
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having walls insulated in a similar manner to those of the meat-carrying 
stores or chambers, thereby preventing as far as practicable loss through 
absorption of heat. 

The compressors are of an ice-producing capacity of 12 tons a day, 
the compression cylinders being 6 in. in diameter by 12 in. stroke, 
and the steam cylinders 8 in. diameter by 12 in. stroke. 

The ammonia condensers c, which are more clearly shown in 



Fig. 296.— Han of Refrigerating Machine-room on Cunard Steamers. 


Figs. 293 and 294, are constinicted of a cylindrical form, the shells being 
made iOf wrought iron, and the covers of cast iron, and they are fitted 
with concentric coils of l|-in. galvanised iron pipe, connected together 
at their extremities by means of tee-pieces made of malleable castings. 
The ammoilia condensers are in this case, moreover, carefully lagged 
with teak wood. The water for use in the ammonia condensers c is 
supplied and circulated by means of a duplex steam pump (not shown 
in the drawing), located in the forward boiler-i'oom of the ^gteamship. 
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apparatus is, however, in every way identical, and the description of 
the complete installation will apply equally well in this case. 

The machine is capable of making 5 cwt. of ice daily, in addition 
to the performance of tlie refrigeration required in the cold storage or 
provision chamber. 

Fig. 299 shows an Knock electrically driven ammonia compression 
machine, marine pattern. In this arrangement, as shown in the illus- 
tration, the ammonia compression machine is coupled direct to the spindle 


Fig. 299. -Fiiiock Klectrically-rinven Ammonia CompresBion Mafsliine, 
Marine Pattern. 



of a direct current slow speed motor mounted on an extended bed- 
plate. The compressor is of the double cylinder pattern, single acting, 
with from 20 to SOibs. pressure of gas only upon the oil sealed packing, 
escape of gas being thus practically an impossibility, the joint being made 
on a revolving shaft instead of a reciprocating rod. The compressor 
is of the Knock safety self-oiling type, which will l>e found described 
in a previous chapter. 

As'^ha^’ been already mentioned, in spite of their inferior efficiency, 
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n certain cases cold-air machines can be used to some advantage, on 
board men-of war for instance, which vessels remain at sea for some 



300,— Hall Veitical Marine Type of Steam-driven Cold- Air Machine, 
years, and a difficulty might be experienced in obtaining carbonic acid, 
or otlier volatile agerit. 
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Fig. 300 illustrates a Hall vertical marine type of steam-driven cold- 
air machine, fitted with compound steam cylinders, which is the pat- 



Fig. 301.— Haalani Vertical Marine Type of Steam-driven Cold- Air Machine. 

tarn of machine supplied by Messrs J. & E. Hall, Ltd., to H.M, 
Admlralt]f, and ‘^to other navies. Another marine type of air compres- 
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sion refrigerating machine, made by the above firm, is of a horizontal 
pattern, also fitted with compound steam cylinders. 

Figs. 301 and 302 show two recently designed marine types of Has- 
1am cold-air machines. That shown in Fig. 301 is from a photograph 
of one of two similar machines recently supplied to the Royal 



Fig. 802 .— Haslam Vertical Marine Type of Steam-driven Cold- Air Machine 
and loe-making Apparatut^. 

yacht. Fig. 302 is a pattern which has been supplied to the British 
Admiralty for the manufacture of 86 lbs. of ice per day of twelve 
hours on warships. 

\ Tn a marine installation the pipe or trunk for admitting the cold 

f „ is usually fixed along one side (rf the cold store oe chamber in the 

as near the top or ceiling as possible, the return pipe or trunh 
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being placed at the opposite side of the chamber. As in land installa- 
tion, the inlet trunk or pipe is fitted with a number of apertures governed 
by sliding doors ; these are only opened to a very slight extent at the 
end nearest the machine, and gradually more and more as they approach 
the end furthest therefrom, thus equalising the temperature in the 
chamber. 

The most important point is to ensure the cold air being thoroughly 
circulated and penetrating every portion of the chamber, and ther- 
mometers should be hung in different positions therein to form a check 
to the deck pipe ones. Where a cold-air machine, unprovided with a 
special arrangement for drying the air, is used, the snow box must be 
cleared out repeatedly, to prevent the passages, and also the slide 
valve ports, from becoming blocked up, and the trunk or inlet pipe 
must be cleaned once a day or oftener. 

For marine purposes the cold-air refrigerating machine was first in 
the field, and is still preferred before othoi systems by many engineers, 
and by the Admiralty ; but owing to certain defects in the earlier 
machines, other systems have been tried. The difficulty with any new 
system is the necessity for carrying a considerable store of chemicals, 
and serious accidents have resulted from the use of these machines on 
ship board.* There is also the danger of running short of these 
chemicals by any accident to the vessels in which they are stored. Now, 
with cold-air machines no chemicals are required, the pressures adopted 
are low, and possibility of accident to the machine is even more remote 
than accident to the main propelling engines. 

A new cold-air machine has recently been designed by Messrs 
T. & W. Cole, Ltd., to overcome the defects of the earlier machines 
of this type, in which each defect has been combated with marked 
success, as described in previous chapters. 

Previous to stori/ig the carcasses in the cold storage place, a thorough 
inspection thereof should be made, and any damage to the walls made 
good. When the cold storage space in filled, the hatches should be 
made tight by caulking with oakum, or, preferably, they should be 
fitted with india-rubber insertions, which afford a greater certainty 
of air-tight joints being made. 

An arrangement^ of a small cold storage chamber, such as is very 
frequently constructed on board a large passenger steamer, is shown 
in sectional plan in Fig. 303. The refrigeration is effected by means 
of a Lightfoot, Haslam, or other cold-air machine of the vertical type. 

The armngement of this cold storage chamber, which is practically 
> Vide leading article in The Engineer y 3fd .January 1903. 
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similar to that of tliose used on the passenger steamers of the Peninsular 
and Oriental Company, will be very readily understood from the 
drawing, wherein A is the meat room, the temperature of which is 
kept down to about 20° Fahr., and wherein are situated the ice-making 
or freezing tank b, the ice cans or cases and the ice store c. d 
is the vegetable room, which is maintained at a temperature of about 
40° Fahr., and in which are placed the water-cooler e, wine closet or 
cooler F, and hanging room g. 

It is, of course, obvious that the ice-making or congealing tanks or 
boxes, employed on shipboard, must be considerably modified in order 



Fig. 303. — Arrangelnent of Cold Storage Chamber on board Large Passenger 
Stbamer. Sectional Plan. 

to provide for "the motion of the vessel. In Fig. 304 is shown in plan, 
and in longitudinal and tranverse section, a type of marine ice-making 
box or tank designed by Mr Kilboum, and installed by him on the 
International Navigation Company’s vessels “ St Louis ” and “ St Paul.” 
In The left-hapd top corner of the illustration is shown an end view 
of the refrigerating coils. 

CarQ^ksses should be packed as close together as possible, consistent 
with safety, a space being left round the sides for the circulation of the 
cold air. The space allowed for the storage of a 56-lb. carcass in the 
refrigerated spaces on steamers ^is 2*8 cub. ft. 

* The proper stowage of a fruit cargo in the cold store or “chamber 
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is likewise a matter that must be carefully attended to, in order to 
ensure its arrival at its destination in good condition. The essential 
point to be insisted upon is that clear spaces or clearances of at least 
|-in. be left between each tier of cases and between the cases and 
the bottom, sides, and ceiling of the chamber. These clearances 
can be managed by the insertion of laths of a suitable thickness 
between the cases. Passages should be also provided for admitting 
of inspections of the state of the fruit being made during the voyage. 

The best temperature to maintain for fruit is one of from 45° to 
55° Fahr., and this should be evenly kept up throughout the entire 
cargo. It must be borne in mind that the slightest degree of frost 
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Fig. -Ice-making or Congealing Tanka or Boxes for use on Shiptmrd. 
Plan, Side, and End Elevations, and Detail View 


will destroy a whole cargo of fruit. It will generally be found 
sufficient to run the refrigerating machine about twelve hours per day 
in hot latitudes and six hours per day in cooler ones. 

It is most important that the temperature should not be permitted 
to vary to any great exbmt during the voyage, and as considerable 
difficulty is experiencfed in attaining this end, it is desirable to provide 
a check upon those in charge. For this purpose a thermograph, or self- 
registering thermometer * is, or ought to be, provided in connection 
with each chamber fitted for the carriage of fruit, so that an accurate 
record may be kept of the actual changes of temperature that have 
* For description of thermograph or self -registering thermometer see pp. 574, 575, 
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taken place during the voyage, and it can be seen at a glance on arrival 
whether the fruit has been carried under proper conditions or other- 
wise. 

Fig. 305 is a transverse section of a ship fitted with an arrange- 
ment of Sir A. Seale Haslam. Chambers as shown, are cooled by pipes, 
and are fitted with rails for hanging the meat in the ordinary manner. 
Channels are provided by which air can be supplied to the chambers 
through suitable openings, and also channels by which air can be 
drawn from the chambers through other openings. On the right is a 



Fig. 805.— HasUm Method of Sterilising the Cold Air for use in Ships’ Holds. - 

fan for circulating the air through a chamber heated by steam pipes 
or by a jet of steam, or by both, and provided with a trap for removing 
condensed water. The air passing through this chamber is heated to, 
say, 300“ Fahr. and may be treated to a steam injection, as it is well 
known by experiments that to effectually deal with bacterial ^owth 
and organisms it is necessary in many cases to moisten the air with 
steam at a high temperature, as well as to bring it in contact with hot 
surfaces at a high temperature: The heated and sterilised air is next 
^•passed into a toWfer where it is washed and cooled by coid-wat^* 
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spray supplied by a pump, and from thence into another or cooling 
tower in which it is washed and further cooled by a spray of cold brine 
supplied by another pump. Baffle plates as shown are provided in the 
towers and also water and brine outlets. From the latter tower the 
cooled air passes to a drying chamber fitted with baffle plates and 
water or steam pipes, the latter being used if necessary to slightly 
raise the temperature of the air if it has been made too cold in the 
cooling tower. A water outlet is provided in this drying chamber. 
Essentially the operation consists in sterilising the air circulated 
through a chamber cooled by means of cold pipes or surfaces consisting 
in heating the air, then washing and cooling it, and lastly drying it by 
passing it over cold dry surfaces. 

Bahgks. 

An important type of portable refrigerator is that adapted to meet 
the requirements of >)arges which it is desirable to maintain at a low 
temperature without encumbering them with machinery, or rendering 
in any way necessary the employment of special labour to take charge 
of the same. 

The frozen meat, as a rule, arrives in good condition on board the 
vessels, and deterioration in qunlity usually takes place, as has been 
already mentioned, during its transference to the cold stores on land, 
and again during the subsequent delivery thereof to the retailer, when 
the meat is exposed to temperatures frequently much higher than what 
is required to preserve it in good condition. The Pijlsometer Engineer- 
ing Co., Ltd., claim to have dovi.sod a successful system of refrigeration 
for barges. 

Since the beginning of 1888, moreover, the London and Tilbury 
Lighterage Co., Ltd., have had barges fitted with special refrigerating 
apparatus successfully plying upon the Thames, the meat landed by 
them being invariably in good condition, and not infrequently at a 
lower temperature then than when first discharged from the vessel. 



CHAPTER XVII 


EEFRK^EKATIOX IN DATPJES 

Methods of using Mechanical Refrigeration in Dairies— Examples of Mechanical 
Refrigerating Installations in Dairies — Milk or Cream Coolers— Ice-cooled 
Creamery Refrigerators — Air-Circulation System— Cylinder System — Insula- 
tion of Dairy or Creamery Refrigerators— Size of Ice Chambers— General 
Particulars — Materials— Ice Refrigerating Machine. 

The term dairy, used in its widest sense, indicates a place where milk 
is presefyod and prepared for sale or for family use, or converted into 
cream, butter, cheese, tkc. 

The various applications of refrigeration in the dairy are summed 
up as follows by Mr Loudon Douglas in a paper read by him before 
the Cold Storage and Ice Association ; — (1) The cooling of town’s milk. 
(2) The cooling of separated cream in an auxiliary creamery or 
separator station. (3) The cooling of separated and ripened cream in 
a main dairy or central creamery, as well as cooling water to wash 
butter whilst being worked, and cooling a butter store or cold room. 
(4) Regulating the temperature of cheese-ripening rooms and cooling 
rooms in which cheese is stored. (5) To the storing of eggs, &c. 

Butter is an unstaible product. It is at its best when freshly made. 
Strictly speaking, deterioration begins at once, and it will become 
noticeable sooner or later according to the conditions under which the 
butter is kept. Jhe most important condition in this respect is that 
of temperature, -because no other condition has anything like the same 
influence in the preservation of butter. The preservation of butter 
means the checking to a greater or less extent of the processes of 
fermeaitation that affect the flavour, and which are inevitable in all 
butter, but it has never been found that even such extreme low tem- 
peratures will preserve the flavour indefinitely, although it has been 
proved beyond doubt that the lower the temperature the longer it will 
-be 'preserved, other things being equal. Fortunately there is a certain 
period in the life of all good butter during which it may be considered 
to be at its best. Assuming that the butter has been weHmade, the 
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duration of this period depends almost entirely on the temperature at 
which the butter is kept. 

Refrigeration is used in dairies, both for ensuring an ample supply 
of cold water and for cooling stores or chambers, the former being an 
essential for successful manufacture in hot weather, and the latter 
enabling butter to be kept in prime condition until a favourable oppor- 
tunity for disposing of it presents itself. Either mechanical or ice 
refrigeration is now employed in most dairies, mechanically produced 
cold, indeed, being acknowledged to be absolutely essential wherever 
a large quantity of milk has to b(3 handled, whilst the small refrigerating 
machine, of comparatively recent introduction, can be advantageously 
employed in establishments with limited outputs, except in localities 
where natural ice can be stored at a figure as low as between two 
and three shillings per ton, and artificial cold be so economically pro- 
duced by this means as to render mechanical competition practically 
impossible. 

There are two methods of using mechanical refrigeration in a dairy — 
direct cooling h iid accumulator cooling. In the first or the direct cooling 
method the machinery is capable of performing the required refrigerating 
work without the aid of brine storage, and is ready to cool milk directly 
after being started. This system necessitates a larger outlay at first, 
but is afterwards the most economical system to work. In the accu- 
mulator system a cold brine storage tank is provided, and the refri- 
gerating machine is started to cool a stock of brine some time before 
the milk is to be cooled. The result of this arrangement is that a 
small machine is capable of cooling some two or three times the quantity 
of milk. 

The total expenditure of power is greater than in the case of direct 
cooling, but the first cost is less. For accumulator cooling plants brine 
storage tanks sh(>ald be made narrow and oblong so as to fit con- 
veniently against a wall, or round and high so as to occupy little floor 
space, or shallow to go on the top of the cold room. In all dairies 
where the milk is not despatched soon after being chilled, a cold room 
is required, which also serves for the purpose of keeping butter, cream, 
cheese, or other dairy produce. 

Fig. 306 illusti^tes a complete milk cooling plant, with warm milk 
tank and milk pump, built by A. Q. Enock & Co. Tlie machine is of 
the film's ammonia (NHs) self-contained type, in which the condenser 
coil is placed in the compressor jacket, and the gauges are mounted 
thereupon. Where a Pasteuriser is in use, it is arranged to deliver 
direct to ^e milk receiver. 
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It is desirable that milk or cream can be rapidly chilled to between 
40” and 60“ Fahr., and modern competition renders it important that 
this operation should be performed at as small an expense as possible. 



The Knock’ double cooler, either of the flat, round, or conical type, with 
’ a water circulation from town or farm supply in the upper sectte^^d ^ 
ft brine circulation from the refrigerating machine in the lower sefe^^OT, 
fdrms an efficient inethod of effecting the above cooling.^ NewN^ ^ 
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Pasteurised milk can be reduced in temperature to 60*5*’ Fahr. with 
cooling water at 60° Fahr. In the lower section the brine circulation 
cools the milk down to 40° to 50°, or lower if required. 

The plant shown in Fig. 306 operates as follows : — The cold brine 
at 25“ to 35“ Fahr. is drawn by the brine pump from the brine cooling 
tank, delivered through the lower section of the milk cooler, and after 
chilling the milk, returns warm to the biine cooling tank, none being 
wasted. The brine cooling tank contains the evaporator coils in which 
the refrigerating medium evaporates, causing a very low temperature 
and absorbing the warmth from the brine. The refrigerating gas is 
drawn out of the coils by the compresvsor, which compresses and dis- 
charges into another coil placed in a tank of water forming the 
condenser. The warmth in the gas is “ rendered sensible by com- 
pression, and the condenser water carries off this “sensible heat,” 
causing the gas to condense or liquefy. 

The liquid refrigerant then passes through an “ expansion ” or 
regulating valve into the refrigerator coils, where it again evaporates 
and cools the brine, the operation of evaporation, compression, and 
liquefaction being continuously repeated. 

In the arrangement (Fig. 307) an ammonia compression machine of 
the Kilbourn improved type, driven by means of belt gearing from a 
gas engine, is used. This cream cooler is fixed against the wall of the 
cold store or chamber, a portion of which latter only is shown in the 
drawing. The cream cooler is constructed of tinned copper, and is 
fitted with small wrought-iron coils without internal joints, similar 
coils being likewise provided in the water-cooling tank, a portion of 
which is shown on the top of the cold store or chamber. The 
refrigeration is effected on the direct system, the ammonia gas or 
vapour being permitted to expand into the coils of pipe in the cold 
store or chamber and of the cream and water coolers. 

An installation on the Hall carbonic anhydride (CO.^) system for 
cooling milk supplied to the Express Dairy Co., Ltd., London, is shown 
in Fig. 308. The plant ^lonsists of a single-acting compressor cut from 
a solid steel forging mounted on a vertical cast-iron base, the compressor 
being of the Hall standard type described on pages 132 to 138 with oil 
seal gland and lubricator, and driven by a single-phase 

alternating current electric motor. 

The condenser is contained in an enclosed casing, so that the water 
after passing through it, can rise to an overhead .storage tank, 

T^e evaporator coils iw'e contained in a specially enlarged casing 
having capacity of 400 gallons of brine. This enables the machine 




Fig. 307- — Installation of Ammonia Compression Machine in a Dairy. 
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Fiff. 3<^— Milk Ckwling Plant on the Carbonic Acid Sy.stem, Express Dairy Co., Ltd., London. 


StOflAGE;^ 

pJli Tun for about tea hours per day, so that the r^rigerataug^ 
e^&ct is accumulated aad stored in the cold brine which is rapidly 
(^rculated during the time that milk cooling is going on. 

The plant is arranged to deal with a total of 1 ,000 gallons of milk 
per day, cooling being carried out for one hour in the morning and one 
hour in the afternoon, 500 gallons being passed over the cooler at each 
time of cooling. The cooler is in one section, through which the brine 
is circulated from the refrigerating machine, and the milk in passing 
over it is cooled down to about 40“. 

Fig. 309 shows an arrangement for cooling milk, constructed by 

[ . ; • • 


Fig. 309 .— Installation for Milk Cooling on the Sulphurous Acid System. 

the British Humboldt Engineering Co., Ltd., London. The compressor 
is on the sulphurous acid (SOg) system, and one of the company’s 
vertical type of machine, and is connected with a milk cooler adapted 
for direct evaporation. 

A* plant erected by the Swiss Co-operative Society at Geneva 
rcbmprises two buildings— one containing the machinery, the other the 
dairy and cheese factory. The supply of milk is obtained from 
societies of? farmers in the vicinity of the city, who have depdts to 
*wh{ch the milk is delivered morning and evening, and where it is 
cooled to the temperature of the ^rvice water, and placed in hermeti- 
cally closed churns containing from 30 to 40 litres. The ^following 
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of the installation are given in “L’Industrie Frigorifiqn©":- 
Hie milk collected at the dep6ts is delivered to the dairy in the cit] 
in the morning and evening. On its arrival the milk is weighed 
filtered, and after being cooled by passing it through a Baudelo 
cooler (see Figs. 300 and 301) having a double circulation of servio 
water and cold brine, is delivered into tanks, in which it is kept a 
a temperature of 3° C. The cooling of the cold room in which th 
milk is stored is effected by a circulation of cold brine through pipes 
having radiating gills, and it is maintained at - 6" C. The milk which 
arrives in the morning remains in the cold room until the evening ; 
that which is received in the evening is delivered on the morning 
following. The distribution is made in square chums with rounded 
corners, having each a capacity of from 40 to 45 litres, and four of 
these churns are placed in each hand-cart. Each churn has a draw-off 
cock opened by a .special key, and to prevent, as far as possible, 
agitation of the milk during its withdrawal it is delivered through a 
tube to the bottom of the cans, and these are thus fiUed from the 
bottom upwards. Provision is made on the hand-carts for ice cooling 

during the summer. , , . i 

Any milk not soM on the rounds is returned to the dairy, where it 
is made into butter and cheese. The skim milk resulting from butter 

making is made into cheese. , 

The dairy has a sale for from 16,000 to 20,000 litres of muK a day 
The power required is from 30 to 40 H.P., and steam is also r^uired 
for cleansing puqsises. The refrigeration is produced by a sulphurous 
acid (SO„) compression machine of a capacity of 25,000 fngones) about 
99 200 B.Th.U.), the brine being maintained at a temperature ot 
to -5°, and the Unk having veiy large dimensions so as to form an 
accumulator. The condensing water is cooled by means of an open-air 
evaporative surface condenser situated on the roof of the building. 

It was formerly held that the freezing of butter by causing a 
rupture of the fat globules produced a deterioration m the qualdy 
of the butter after thawing, but this idea has been now 
and was never Korne out by the practical experience of butt® 
merchants. In fact, for the storage of butter for any lengthen^ 
period of timedn hot climates, or for a trans^rt ^ rail over long 
stances, freezing is usually advisable, as it has been found that 
butter so treated is far superior to that which has bwn cblled or p 
in ordinary cold storage. Frozen butter both returns its flavour and 
body be Jr than the other, and whqt is of considerable 
less feijy affected by bad odours or other contamination. This result, 
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however, depends to a great extent upon the care that has been 
bestowed upon making the butter, viz., whether it has been washed 
quite clean, to what extent it has been worked in the butter worker, 
and to the precautions that have been taken in packing whilst 
in a chilled condition. See also pages 



Fig. 310. — Sandbach Combined 
Cream Cooler and Heater. Plan. 


437 and 438, and ante^ pages 385 and 
386. 

Tt may here be impressed on those 
concerned in the storage of buttei* that 
the greatest precautions should be taken 
to protect that commodity from contact 
with the gases due to decomposition, 
or with the minute particles that may 
be contained in the air of the cold- 
storage room or chamber, and which the 


butter will absorb very freely. 





Fig. 31 1 . —Sandbach Combined 
Cream Cooler and Heater. Ele- 
vation. . 


An ordinary form of milk or cream 
cooler consists simply in a pan fitted 
with a false bottom, through the space 
or clearance between which and the 
real bottom a circulation of cold or 
refrigerated water is maintained. The 
coolers in most general use are either of 
a cylindrical form, such as the Danish 
circular coolers, or they have flat cor- 
rugated sides; both types are fitted 
with top and bottom troughs. 

Figs. 310 and 311 show in plan and 
elevation the Sandbach combined cream 
cooler and heater, which is said to be a 
very good system for the rapid refrigera 
tion of cream. 

The apparatus consists essentially of 
the following parts ; — A ripening vat and 
combined cooler and heater, and a 
mechanical agitator driven off the main 


shafting. The cooling or heating apparatus is so designed that it pre- 
sents a large cooling or heating surface in a comparatively small space, 
and when employed in the former purpose can be used in conjunction 
with any description of refrigerating machine, either for cooling cream 
OK for the production-of iced water. 
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Fig. 312 is a circular capillary cream cooler. This type of cooler, 
which is much used in Belgian dairies and creameries, is made in 
various sizes, the largest having a cooling capacity of about 200 gallons 
per hour from 65“ to 52“ Fahr. It can be used with any refrigerating 
machine, and the cold brine is pumped through the cooler, the cream 
passing over the exterior. 

In all large dairies the Pasteurisation of milk is now become part of 
the ordinary routine, and this process creates a demand for additional 
refngerating machinery, it being absolutely essential to reduce the 
temperature after Pasteurisation as rapidly 
as it can possibly be effected. 

Cream coolers of the submerged type are 
said to reduce trouble of cleansing to a 
minimum. 

A bulletin entitled “Creamery Cold 
Storage,” written by Mr J. A. Tluddick, the 
Dairy C/ommissioner, Canadian Department 
of AgricultuF'i , goes very fully into the sub- 
ject of ice cooling and contains much valuable 
information. Tii<*, following particulars are 
abstracted from this source. 

For small or medium-sized creameries the 
first cost of installation and the annual ex- 
pense of operation put the mechanical system 
out of the question. The following are ex- 
amples of creamery refrigerators designed 
by Mr Ruddick, adapted to be cooled by ice, 
but it will be understood that the buildings 
with certain simple modifications would be 
suitable for the installation of machinery 
for mechanical refrigeration. 

Although it may be possible to secure 
rather lower temperatures with the cylinder system than can be 
obtained with the air-circulation system, all things considered, a lower 
average temperature is usually found where the air-circulation system 
is in use. Both^ the ice chamber and the cold-storage room are 
thoroughly insulated. Figs. 313 and 314 show plan][and section of a 
creamery refrigerator on the air-circulation system. It will be seen 
that there is a connection between the two rooms which provides for 
the circulation of air over the ice and^ through the cold-storage chamber. 
The '\)^or^ing of such a refrigerator is automatic, and requires only to 



Fig. 312.— Capillary Cream 
Cooler. Elevation. 
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be regulated by the opening and closing of the slides that control the 
circulation of air. The ice is not covered as the thorough insulation of 
the walls of the ice chamber is depended on to prevent undue waste. 



In this figrstem galvanisM-iron cylindens" about 1 ft, in diameter 
are placed in tlie cold storage room so as to extend from the floor 
to the ceiling and opening into the room or loft above. A row of 
cylinders should extend along at least one-fourth of the wall 
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space of the storage room. The cylinders are filled from above with 
crushed ice and salt, the proportion of which may be varied according 
to the temperature desired. The larger the proportion of salt the 
better the results will be, until the maximum is reached at about 
1 part of salt to 3 of ice. Drainage must be provided to carry off 
the water from the melting ice, and the outlet should always be 
trapped in order to prevent the passage of air. The ice for this 
system is usually stored in an ordinary ice shed, covered with sawdust, 
cut hay, or other insulating material. The cylinders must be kept 
full in order to secure the maximum of refrigeration. The labour of 
breaking the ice and filling the cylinders is very considerable and 
constitutes one of the chief objections to the cylinder system. Where 
the refrigeration depends upon the daily performance, by the butter- 
maker, of this item of labour, it is very apt to be more or less 
neglected. If the cylinders are allowed to become partially empty, 
there is a corresponding rise of temperature in the storage room, and 
this is what very often occurs. The cylinder system is the cheapest 
to instal, because the storage room only need be insulated, but the 
large amount of labour involved in keeping the cylinders properly 
filled, and the cost of the salt, make the operation of this system 
somewhat expensive. Where there is plenty of cheap labour and 
someone to take sufficient interest in the question to see that the 
work is properly attended to, there is no doubt but this system will 
give good results, as far as ice goes, for the storage of butter. Fig. 315 
shows plan and section, and Fig. 316 details, of a creamery refrigerator 
on the cylinder sysb^m. 

In the construction of insulated walls, the best practice at the 
present time provides for an outer and an inner shell, as nearly as 
practicable impervious to air and dampness, with a space between 
to be filled with .some non-conducting material. The width of the 
space will depend on the filling to be used and the temperature to 
be maintained in the storage room. For a creamery cold storage 
constructed of '«v^ood there is no better material for filling spaces than 
planing-mill shavings. The weight of shavings required to fill a given 
space will depend somewhat on the kind of wood from which they are 
made, and also to ^ome extent on how tightly they are packed, but 
a fair average is from 7 to 9 lbs, per cubic foot of space. They should 
be packed sufficiently to prevent future settling. See also chapter on 
Insulation, pages 329 to 365. 

All inside sheathing should be of spruce, because of its non- 
odourless character. The inside surface of ante-rooms and cold storage 
28 * 
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rooms should receive a coat of shellac or hard oil. This will permit 
of the walls being thoroughly washed and disinfected to destroy spores 
of mould. Whitewash is also used as an interior finish. It is cheap 
and can be renewed from time to time. A little salt mixed with 
whitewash is said to harden it, and thus prevent it from rubbing ofi 
when touched. 

If the inside sheathing of the ice chamber is coated with paraffin 



OtTAIL or WAttS. 


Fig. 315.— Plan and Section. Fig. 316.— Detail Views. 

Creamery Refrigerator on the Cylinder System. 

wax, like a butter box, the lumber will be preserved and moieture 
prevented from getting into the insulation. 

It is impossible to lay down any rule as to the total quantity of 
ice required for creameries with a given output, as so much depends 
on what the ice is used for, and also on the nature of the water supply. 
In* many creameries, where there is an ample supply of cold water, no 
ice is used for cream cooling, while for others a large quantity is pro- 
vided for that purpose. If a Pasteuriser is used, the extrar cooling 
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required increases the consumption of ice very considerably. It is 
important, however, to estimate correctly the size of the ice chamber 
required for a cold storage on the circulation system. Where this 
system is used the supply of ice for cream cooling purposes should be 
kept separate from the cold storage supply. The ice chamber should 
not be opened during the summer except for occasional examination. 
The quantities given in the following table will be found to be about 
right for average circumstances : — 


Pounds of Butter made 
during 

Summer ^fonths. 

Tons of Ice required 
for 

Butter Storage only. 

Si/e of Ice Chamber 
in 

Cubic Feet. 

2<X),000 


140 

.1,000 

100,()(K) 


80 

3,000 

.10,00(1 


r»o 

2,000 


Wliere i(;e .s required for cream-cooling purposes, and it generally 
is, about one-half the quantity given in the table will be required in 
addition. This can be stored in an ordinaiy ice shed and covered with 
sawdust. 

Creamery refrigerators on the air-circulation and on the cylinder 
systems consist of — (1) An insulated ice chamber, where the ice is 
kept without any covering. (2) A cold storage room, where the 
packages of butter for export only shall be stored. (3) An ante-room, 
to receive retail butter and to protect the storage room against the 
entrance of warm air. Both cold storage room and iinte-room are 
cooled by the circulation of the air which passes over the ice in the 
ice chamber. The situation should be at the north end of the creamery, 
or sheltered from the direct rays of the sun if possible. 

The size will be determined by the output of the creamery. Butter 
should be shipped every week wherever possible, and in this case the 
cold storage room should not be much larger than necessary to hold 
a week’s make, with convenience for handling the packages. A room 
7 ft. high by 8 ft. sqi. inside will hold conveniently 120 boxes, piled six 
high. The ante-room should be large enough so that the door can be 
conveniently closed before opening the door of the cold storage room. 

As regards light, it is not desirable to have a window in the cold 
storage room. Suffieient light can be had from a lamp or candle when 
necessarv. A window may be put in the ante-room. 

Goocf insulation should be provided on all sides of the refrigerator 
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around cold storage room ; and ante-room, whether adjoining the ice 
chamber or any other part of the creamery, must be equally well 
insulated. 

Wood.—kW lumber employed must be thoroughly dry and sound 
without loose knots or shakes, and must be odourless. Spruce and 
hemlock are the best in the order named. Pine is not suitable for 
inside sheathing, on account of its odour. All boards employed should 
be dressed as well as tongued and grooved. Unseasoned lumber must 
be carefully avoided. When building in winter, fires must be ke])t 
going so as to have all materials as dry as possible. This is very 

important, as dampness in 
insulation destroys its effi- 
ciency. 

Paper . — All papers used 
should be strictly odourless 
and damp-proof. Tar paper, 
felt paper, straw paper, rosin- 
sized paper, and all other 
common building papers are 
not suitable and must not 
be used. Use double thick- 
ness of paper in all cases, 
each layer lapping 2 in. over 
preceding one. The layers 
should extend continuously 
around all corners. All 
breaks to be carefully 
covered, 

Shavinys. — Shavings 
must be thoroughly dry, free 
from bark or other dirt. 
Shavings from *some odourless wood, such as hemlock, spruce, or white 
wood, to have the preference. 

The Burnand ice refrigerating machine, two types' of which are 
showh in Figs. 317 and 318, is especially designed for use in 
small dairies where ice refrigeration is used. The essential features 
of the apparatus, shown in Fig. 317, cpnsists in a stout oak tub 
joining an insulated receptacle and fitted with one or more copper 
coils according to the capacity required. The space round the 
copi)er cod or coils is filled with a freezing mixture, such as 
'finely broken ice "and salt, and the temperature of tjie * brine or 
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water pumped through the coil or coils is thus reduced to the 
required degree. The brine or water enters the inner coil at the 
bottom, and from the top is conveyed to an inlet at the bottom of 
the outer coil. Also, leaving this latter coil at the top, it may be con- 
veyed either to the refrigerating pipes in a cold store, to an ordinary 
pattern milk cooler, or to other cooling apparatus, and after performing 
the duty required, returned to a reservoir in order to be again circulated 
through the refrigerator. To equalise the temperature of the liquefied 
freezing medium, an agitator, as shown in the drawing, is provided. 
In this apparatus the circulation of the brine or water through the 
cooling coils is effected by means of a power-driven pump not shown, 
and the agitator paddles are driven through the bevel gearing and belt 
pulley from any convenient source of 
power. 

The small milk cooling apparatus 
shown in Fig. 318 is intended to be 
worked by hand power. On the top 
is a reservoir fo* the milk to be cooled, 
which communicates through a stop- 
cock with a capillctry cooler. The cool- 
ing liquid is pumped by means of the 
semi-rotary hand pump shown from the 
well in the bottom of the tub to the 
cooler, and after passing through this 
latter, it is sprayed on the upper part of 
the broken ice in the cub, and returns 
to the cold well to be again passed to the 318.— Burnand Small Ice 

cooler, and so on, until the supply of Milk Cooling Apparatus, 
broken ice in the tub is exhausted. 

T)r Samuel Ridoal says that very great caution has to be exercised 
regarding the various temperatures required for different classes of 
dairy pr^uce as well as care in the methods of preparation and storage 
prior to refrigeration. The cold storage of milk and butter has been 
already dealt with in this chapter, and also to some extent in 
Chapter XV. under the heading of “ Proper Methods for Storing and 
Temperatures for tlie Cold Storage of Various Articles.” 

In conclusion it may be observed that in the United States there 
are a considerable number of persons who advocate the storing of 
butter at a temperature of 0“ Fahr., claiming that butter is un- 
desirably affected by a rise in tem^rature above that point. On 
this particular question considerable diversity of opinion seems to 
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exist. Mr Arthur G. Enock, who has had a very extensive 

experience in the subject of dairy refrigeration, in reply to a query 
put to him some time ago by the author as to the proper cold storage 
temperature for butter, said that from his own experience he thought 
that there can be no hard and fast rule for butter as such, because 
various butters require different treatments, and again different tem- 
peratures, according to the treatment they have received 8in(!e being 
made. His experience of fresh Colonial butter, made in Australia, with 
chilled water by chilled cream from Pasteurised milk, is that the lowest 
temperature necessary to keep it in first-rate condition for an indefinite 
period, as far as practical commerce is required, is 20°. But if you get 
that butter made with all care, and then carried about for a week or 
ten days without being placed in a cold store, you may want to bring 
it down to 15° to hold it successfully. Very much the same applies 
to Irish butter. With all the conditions of manufacture and storage 
one meets with between Ireland and this country, it is Mr Enoch’s 
opinion ^d experience that 24° is the right temperature, provided the 
atmosphere is kept fairly dry. 

The employment of such a degree as 0" Fahr., or even 14°, is 
something which, as far as Mr Enoch’s experience has gone, is unneces- 
sary under ordinary conditions, although possibly special conditions 
might arise, for example, when butter has to be transmitted by rail 
for some distance. In the South African cold stores at the ports 
butter used to be carried down to 10°, and even to 5°, but this was 
in preparation for transit for three or four days by ordinary railway 
waggon, slightly insulated, through a very warm country. Such a 
condition as this, however, does not apply where butter is simply held 
in storage for in ancj out use. 

' As regards the question as to whether butter taken from the dairy, 
and put into a storage somewhat below freezing, would be found to 
maintain its quality. Mr Enock thinks that it would be found to do 
so, but that, at the same time, a good deal depends on how the butter 
is made. Whether it is washed quite clean, how much it is worked in 
the butter-worker, and what care is taken in packing it while it is in a 
chilled .condition. For use of tefrigeration in artificial butter factories 
jee pages 461 to 404, 



CHAPTER XVIII 

MANUFACTURING, INDUSTRIAL, AND (CONSTRUC- 
TIONAL APPLICATIONS 

Cliooolate Manufacture — Breweries -Paraffin Works — Artificial Butter Manufac- 
tories — Tea Factories— Sugar Factf^ries and Refineries — Blast Furnaces — 
Wine-Making — Various other Manufacturing and Industrial Applications 
— Dynamite Factories — Manufactories of Photographic Accessories— Dis- 
tilleries— Chemical Works— India-rubber Works— Glue Works— Construc- 
tional Applications — Tunnelling, Sinking shafts, Laying Foundations, &c, 

Industrial and Manufacturing Applications. 

Uses are now made of refrigeration in many manufactures and indus- 
tries besides that of its more legitimate and important application to 
the preservation of various provisions of a perishable nature, which 
latter has been already dealt with so far as space would allow in. pre- 
ceding chapters. All the systems hereinbefore described, with the 
exceptions of the first, or that wherein the abstraction of heat is 
effected by the more or less rapid dissolution or liquefaction of a solid, 
are, to a greater or a less degree, advantageously applicable for this 
purpose. 

Although the preservation of organic substances was the first known 
and the most obvious use, the successful application of artificial refri- 
geration to a process of manufacture is somewhat older than that to 
the preservation of provisions, a Harrison ether machine having been 
erected at Truman, Hanbury, & Co.’s brewery about 1856, which 
machine was stated, at a meeting of the Institution of Mechanical 
Engineers held in 1856,* to be still at work and acting efficiently. A 
machine of the same type was also said to have been put up by A C. 
Kirk in 186 l,t w%o employed it for the extraction of solid paraffin 
from shale oil. 

Another important application of refrigerating machinery is to 
constructional work, such as the formation of tunnels, the sinking of 

* Proceedings, Inatitntim of Mechmicdt Engineers, 1886, p. 246. 
t/Wd,,p. 231. 
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shafts, wells, laying of foundations, &c., in loose ground, in quicksand 
soils, or wherever the amount of water is too great to be pumped or the 
doing so would be dangerous or inconvenient. 

Refrigeration in Chocolate Mandfactories. 

The application of a refrigerating machine to the cooling of choco- 
late during the process of manufacture was first made by J. S. Fry in 
1882,* in which year be employed one of Lightfoot’s double-expansion 
horizontal cold-air machines, and was enabled to proceed without 
interruption throughout the whole year with work that had previously 
to bo suspended during the hot weather. Since that time the use of 
refrigerating machines in chocolate works has become almost universal. 
A great saving in chocolate manufacture is likewise effected by the 
rapid solidification which is rendered possible, and the waste thus 
avoided ; and furthermore, as the chocolate leaves the moulds readily 
and intact, a considerably fewer number of the latter are required to do 
the same amount of work. 

The essential features to be kept in view in designing and con- 
structing a chocolate cooler may be enumerated as follows : — Uniform 
cooling of all the goods put into the apparatus ; reduction of labour 
in feeding and taking out the trays containing the chocolate to a 
minimum; economy of cold air and reduction of the required 
refrigerating power ; and, lastly, simplification of the construction to 
keep the outlay as low as possible, consistently with obtaining the best 
results. 

The patent chocolate cooler shown in our illustrations Figs. 319 and 
320 is made by Messrs A. G. Enock & Co., Ltd., and is claimed by the 
inventors to embody the above qualities as far as practicable. The 
cooler consists of an insulated box containing a shaft with a six- 
sided frame at each end. The two frames are connected by bars 
upon which the Chocolate carriers hang. The shaft is rotated by the 
hand-wheel outside the cooler and an automatic stop arrests the shaft 
when the trays come opposite the inlet and outlet slots. It will be 
seen that each tray of chocolate makes a complete circuit of the cooler, 
descending from the warmer air at the top, passing through the colder 
air at the bottom and returning to the top. ^ This method is claimed to 
be better than revolving the trays horizontally as it will ensure that 
eacii tray gets the same amount of cooling. 

The trays are fed into the slofs shown at the right-hand side of the 

* * Proceedings^ Institution of Mechanical Engineers^ 1886, p. 236. 
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cross section, Fig. 320, the cooler shown in the illustration accommodat- 
ing twelve trays, each measuring 30 by 21 in., and after each carrier 
has received its two trays the hand-wheel is revolved and the next 
carrier filled, and so on until all the trays are in place. When the first 
carrier returns to the top after having made a complete circuit, two 
fresh trays are put in and the action of putting them in pushes out the 
other two trays at the left-hand end of the cooler. The work may thus 
go on continually. And as the cold air naturally falls to the bottom 
of the cooler, and as the trays are both fed into and discharged from 
the cooler at the' top, there is no los.s of cold air. In the pattern of 
cooler shown in the illustrations flaps are provided for closing the 
openings through which the trays pass in and out, but in another 
arrangement these apertures are automatically closed by narrow spring 
shutters which rise into place after a tray has been put in or pushed 
out of the carriers. 

The insul^ition consists of 6 in. thick of best silicate cotton or other 
approved ^material, the walls of the cooler being lined with white 
enamelled material ensuring perfect cleanliness and absence of odours. 
The cooler box is made up in sections, and can be bolted together and 
set at work by any ordinary carpenter or mechanic. The smaller sizes, 
however, can be sent out complete in one piece. 

The cooler is complete with coils of direct expansion or brine 
circulating pipes, with counter flanges ready to connect to new or 
existing refrigerating machinery. The cooler is capable of accom- 
modating trays of any width from 12 to 22 in., which is advantageous, 
inasmuch as the trays employed by different makers vary considerably 
in size.' The capacities of the machines vary from 1 ton per day of 
chocolate cooled for the smallest up to 3 tons for the largest-sized 
machine. 

The cold-air machine is well adapted for chocolate cooling, pro- 
vided only that the air be dry, an achievement claimed by the 
inventors for the*“ Arctic” machine, and Messrs Cole have applied it 
to several chocolate factories with complete success. An advantage 
of this system is that whilst some forms of refrigerating machines only 
very partially dry the air, and that inside the room, by deposition of 
frost on brine pipes, or producing a current of air over brine-wetted 
surfaces, the “ io^tic ” cold-air machine apts upon the air before 
delivering it* to the cold-room, or other apparatus, and thus the 
nloisiure is deposited outside of and away from the cold-room. There 
is also the further advantage of tjiere being no brine pipes on which 
to 't^eposit frost, which may drop on to the chocolate trays, ^c., and 
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requires the provision of special draining gutters, all of which apparati 
are frequently moi'e or less imperfect in their action. 

A rotary chocolate cooler devised by Mr J. C. Broadbent and 
Mr J. McRae is claimed to preserve the chocolate from any moisture 
during the process of becoming solid. This apparatus consists of a series 
of chambers revolving on a central pivot. The cooler is cylindrical, 
with a diameter of about 10 ft. and a height of 8 ft. The outside, that 
is, the case, is constructed of wood, and insulation is secured by the use 
of silicate cotton. The (circular basis of the apparatus is, of course, 
furnished with a like insulating substance. The upright steel axle is 
in. in diameter, and round this revolve the sets of shelves. Every 
set of shelves is fitted with wooden sides, so that these form in the 
outer shell six perfectly isolated and refrigerating compartments, the 
whole being furnished with a toothed revolving gear connected by a 
hand-wheel situated at the front of the machine. The chambers are 
provided with an arrangement of spaces for cooling by brine. These 
have to be put in position when the cooler is to be used, so that none 
of their numb 'r can coincide with the door space of the cooler itself. 
The shelves of each compartment in the cooler run 2 ft. 9 in. long by 
1 ft. 9 in. wide. Of these compartments there are six, with a space 
of 5 in. between each. The special trays on each shelf are adjusted 
to carry from 10 to 15 lbs., but where it is required, by a simple 
change, blocks of any size can be cooled. 

The ordinary capacity of an apparatus of the above dimensions is 
30 cwt. a day, but a much greater capacity can be had when desired. 
One of the advantages claimed for this apparatus is that no fastenings 
are needed. It is constructed on the wedge principle, and hence all 
the doors close automatically tight. The apparatus is so arranged 
that when the compartments revolve, and one of them arrives at the 
door space, and the door is opened, elliptical shutters are automatically 
operated and cause the sides of the compartment to fit so perfectly 
that the rest of the cooler remains completely isolated from the air. 
In jioint of fact the door may be left open at any time without there 
being the sligh^test change in the temperature of any of the other 
compartments. Then again the top and bottom shutters of each 
division are absolutely self-acting — automatic, in fact — and thus render 
the compartment entirely air-tight. Another feature is that the 
upper and lower ends of the several compartments are so made that, 
as the shelves rotate, the upper and lower divisions open on the 
parallel lever system, and directly ^ rotation ceases they shut. A 
Steinlu’s thermometer keeps a record of the temperature inside the 
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cooler and is read on the outside. There is also an ingenious plan 
by which the contents of the cooler are indicated. The circular top 
is graduated by six marks numbered from one to six, corresponding 
to the six compartments. In order to charge and uncharge, the wheel 
beside the door of the cooler is simply turned until the required 
number coincides with a fixed pointer in the front. A convenient 
arrangement is provided for marking the time at which the different 
compartments are charged, and a timepiece is fixed in the middle of 
a plate having six dials furnished with movable hands. To facilitate 
occasional cleaning, the top of the cooler is equipped with a vapour 
valve, through which an air current can be passed for that purpose. 

In another apparatus for treating chocolate an endless travelling 
band or apron is provided by means of which the chocolate is traversed 
through a refrigerated compartment. 


\ Refrk^tERAtion in Breweries. 

One of the, if not the most, important of the industrial applications 
of refrigerating machines is that* of cooling water to be used for 
refrigerating and attemperating purposes in breweries. This is more 
especially required when the supply of water is derived from a river 
or other source exposed to the heat of the sun, or from the water 
mains in large towns, the water from both of these sources usually 
rising during the summer months to from 65° to 70° Fahr. 

Where a plentiful supply of well water at a temperature of from 
50° to 54° Fahr. can be obtained, the provision of means for artificial 
cooling becomes of minor importance for this special purpose, and can 
be dispensed with. 

Wheo, however, the water supply is at a comparatively high tem- 
perature, such as that above indicated, it would of course be totally 
impossible to cool the worts down to the ordinary pitching tempera- 
tures of from 57° to 59° Fahr., or to control the fermentation in the 
tuns or squares with water at such a temperature passing through the 
attemperators, and, moreover, on the completion of the fermentations 
it would* be likewise quite impracticable to cool the finished beers down 
to the temperature desirable for racking. 

One of the first operations is the refrigerating of the hot beer wort. 

The usual practice is to first slightly reduce the temperature of 
the h6t wort by exposing it in the large tank known as the cool-bed 
or cool-ship, which is generally l(^ted on the top of a building and 
roofed over, the sides- being only enclosed by lattice- work, so as to 
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allow a free circulation of air, and then permit it to flow slowly down 
over the tubes or coils of a “ Baudelot cooler,” 

The Pontifex-Wood brine refrigerator is also successfully employed 
for cooling beer worts. This apparatus consists essentially of sets or 
rows of copper or brass tubes arranged horizontally, and secured at 
their extremities in return heads. Through these tubes and heads the 
cold brine from the refrigerator is caused to How, and the beer worts 
to be cooled are allowed to trickle over their exterior surfaces. 

An ordinary refrigerator for cooling hot beer wort consists of a 
shallow vat wherein is mounted a continuous tube or pipe, through 
which the cooling water is forced in a direction opposite to that taken 
by the wort. The object of thus running the wort in one direction 
and the water in another is to ensure the delivery end of the wort being 
exposed to the coldest portion of the stream of water. In another form 
the wort passes through a coil of pipe arranged in a vat, through which 
a circulation cjf cooling water is kept up. A more complicated arrange- 
ment is that wherein boxes are arranged to project alternately from 
opposite sides of a double-walled vertical case ; through the latter, and 
which boxes, the wort is caused to take a zigzag course by suitable 
clieck-plates exttjndmg centrally into the boxes. The cooling water 
takes a like sinuous or zigzag course on the exterior of these boxes. 
A wort or beer-cooler, employetl in many large breweries, is a large 
shallow, covered vat, fitted with a volute formed by a wide strip 
of metal set on edge between the upper and lower plates or heads, 
to which it is attached in such a manner as to form a helix with two 
distinct spaces. Through one of these spaces the refrigerating liquid, 
or medium, is circulated, suitable inlet and outlet passages being 
provided, and through the other the wort or beer to be cooled. 

Brotherhood’s refrigerator consists of a number of long boxes placed 
side by side or otherwise, each box having a How and return passage 
for the cooling water, and copper tubes through which the wort passes. 
Hollow covers at the ends of the boxes afford communication between 
one tier of tubes and another. 

Mash tuns are likewise constructed in which the vertical shaft 
carrying the rake or stirrer is formed hollow, as also the arms of the 
side rake, which latter are perforated with a number of small holes. 
Through the above-mentioned hollow shaft and perforated arm steam 
is first passed to boil the wort, and subsequently air, reduced to a 
low temperature in order to cool or refrigerate it. In a refrigerating 
or cooling apparatus on a somewhat similar principle, air, previously 
reddbe(J to a low temperature, is forced into the perforated false 
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bottom of a vat, from whence it escapes through these holes or 
perforations and passes up through the wort or beei* contained 
therein. 

Numerous other arrangements are also in use in this country and 
abroad. One of which, of American origin, is as follows : — First the 
hot wort is delivered into a trough of V shape in transverse section, 
from the bottom of which it trickles over a series of horizontal pipes 
arranged in line vertically, and through which the cooling water is 
passed, the cooled wort being finally collected in a U-shaped trough 
for delivery to the fermenting tun. 

An apparatus which is extensively used in America for cooling or 
refiigerating hot beer wort, is that known as the “ Bau delot cooler.” 



Fig. Baudelot Cooler,” with Direct Expansion for Cooling Hot Beer Wort. 


This apparatus is constructed for use both with a brine circulation and 
direct expansion. Jn the first arrangement, shown in Fig. 321, the 
upper poi’tion, or half of a set of tubes or coils arranged horizontally. 
Vis cooled by the ordinary well or main water, and the lower part 
OT half thereof by mechanical refrigeration on the direct-expansion 
syatem. Jn the second arrangement, shewn in Fig. 322, the upper 
p^Mrt or half of the pipes or coils is similarly cooled, but the lower 
portion or half is cooled by brine circulation. 

The above Baudelot cooling apparatus is made by the Frick Co., U.S. 

. Antother, and also a very important, use for a refrigerating machine 
in breweries is that of cooling the air in the fermenting and yeast 
l^ooms, an arrangement for whick purpose on the brine-circullition 
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systems is shown in Fig. 323. This cooling is necessary during hot 
weather, even in cases where an unlimited supply of cold water for 
refrigerating and attemperating is obtainable, inasmuch as the water 
can only be applied to the cooling of the beer itself in the fermenting 
vessels, and not to the head of yeast above. The result of this is that, 
although the fermenting beers can be well kept under control by the 
use of the attemperators, the yeast above is frequently found to be 
going wrong by reason of the excessive temperature of the atmosphere 
of the room. 



Fig. 322. Baudelot Cooler,' with Brine Circulation for Cooling Beer Wort. 


In employing a refrigerating machine for this purpose, brine reduced 
in the cooler or refrigerator to about the temperature of the latter, that 
is from 10* to 20“ Fahr., or very much lower if desired, is circulated 
through rows of pipes B, fixed over the tuns a, or the squares, to 
be cooled in the fermenting rooms, and also in the yeast r^ms, the 
system of pipes being reduced by the brine to below freezing-point, 
and the atmosphere of the rooms from contact with the latter to 45“ 
or 50“ Fahr., or any other desired point. By this means an October 
tempei^ure, that is to say, one of 50“ Fahr. or less, can be obtained 
A during the hottest summer weather. * 
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Fig. 324 shows an arrangement for cooling a fermenting room on 
the direct expansion principle, fitted with the De La Vergne patented 
pipe system, a detailed description of which will be found in a previous 
chapter. 

The speed of the flow of brine in the first arrangement, shown in 
Fig. 323 through the various circulations, can be regulated at will by 
means of stop-cocks or valves provided on the several branch mains, 
and that of the gas or vapour in the second ari-angement, shown in 
Fig. 324, by the expansion valve, and consequently, the temperature 
of the fermenting rooms can be regulated at will. In simple arrange- 



Fig. 323.— Arrangement for Cooling' Fermenting and Yeast Rooms in Brewery on 
the Brine Circulation System. 


ments, such as the foregoing, the brine mains n and the direct 
expansion pipes respectively, cool the entire area of the fermenting 
room, that is to say, a separate brine circulation (Fig. 323) or ccfil 
of vapour pipes (Fig. 324) is run over each row of rounds or tuns, 
and all are cooled at once. Where a number of large squares have 
to be cooled, however, a more elaborate arrangement is preferably 
employed, and the sides and tops of the squares are boxed in or 
enclosM with partitions formed of light boarding, under which a 
separate circulation of brine or vapour pipes to each square is fixed. 
The' latter plan enables the temperature of the air over each ^uare 




MANUFACTURING APPLICATIONS. 


449 


to be regulated separately and independently of the others, and the 
brine or vapour to be shut off completely from empty squares, thereby 
lessening the work of the refrigerating machine, ft also further 
economises the work of the latter, inasmuch as only the air directly 
over each vessel has to be cooled. 

In working a refrigerating machine on the brine circulation 
principle, for these cooling purposes, in a brewery of moderate 
dimensions, it is usually run during the daytime, and when it is 
shut off at night, and the fermenting rooms are closed up, the large 
amount of cold stored up in the brine in the pipes over the fermenting 



Fig. 324. — Arrangement for Cooling Fermenting Room on Direct Expansion 
Principle on the De La Vergne System. 


vessels, is, as a rule, found to be sufficient to keep the atmosphere of 
the rooms down to the desired temperature during the night ; except, 
however, in very hot weather, when the machine has usually to be run 
continuously. In very large breweries also it has generally to be kept 
working day and night. 

In some instances, a refrigerating machine is employed for the 
combined purposes of cooling water for use in refrigerating and attem- 
perating and of cooling the air in the fermenting and yeast rooms. 
In an arrangement of this description, at the top of the brewery 
buildiijg, or at a sufficient elevation to command the refrigerators and 
29- 
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attemporators, is fixed a suitable ice-water tank, and above this tank 
a brine refrigerator, which latter may consist of hoiizontal rows of 
brass or copper pipes, through which a branch circulation of cold brine 
from the mains is run, whilst over them the supply water at 60” or 
66** Fahr. or other temperature is allowed to trickle or flow slowly. 
This water is thus reduced by the cold brine within the pipes to about 
Fahr., or to any other desired temperature, after which it is 
passed into the ice or cold-water tank, from which it is drawn through 
pipes as required for refrigerating and attemperating. This arrange- 
ment admits, by the simple opening, closing, or regulating of the 



Fig. 325.— Frick Company’s Method of Cooling a Fermenting Room in Brewery. 


stop-docks or valves, of the whole or any desired proportion of the- 
power of the machine being applied to the cooling, of air, or to 
the cooling of water, or to both operations at the same time. 

Lager beer fermenting rooms and store cellars cap be cooled 
by a plan substantially similar to that shown in Fig. 323, for cooling 
the air in fermenting and yeast rooms in ordinary breweries. In the 
case of la^r beer, however, where the whole of the fermenting rooms 
are kept at a temperature of about 42” Fahr. and the stores at abopt 
W Fahr., a proportionately larger number of brine cooling pipes^ 

Inquired. 
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Figs. 325, 326, and 327 illustrate a method of cooling a ferment- 
ing room, which, as well as the pipe arrangement for vaults shown in 
Fig. 328, are constructed by the Frick Company, U.S. In the arrange- 
ment shown in Fig. 325 the coils are suspended from iron floor-beams, 
and Are located in passage-ways and at the sides of the rooms, by which 
means any drip into the tubs is avoided, and free access to each tub is 
admitted of. Figs. 326 and 327 show in side elevation and transverse 
section the arrangement adopted for suspending flat pipe coils from 
ceiling on the iron floor beams. Fig. 328 shows in transverse section 
a pipe arrangement for a vault in a brewery, which will be readily 
understood from the drawing. 

In Figs. 329 and 330 is shown, in side elevation and plan, an 
automatic attcmiperation system with a cooling arrangement supplied 
by the same firm. In this system the ice-water for pumping through 



Figs. 326 and 327.— Arrangement for Suspending Flat Pipe Coils from Ceiling 
on the Iron Floor Beams. Side Elevation and Transverse Section. 


the attemperators and regulating the temperature of fermentation is 
cooled in a cistern or suitable tank, provided with either a direct 
ammonia expansu u or brine coil, supplied by the refrigerating machine, 
which is on the ammonia compression principle, the sweet or ice-water 
thus made being forced through the attemperators in the tubs, each or 
any of which can be shut off or regulated at will, the pressure and 
amount of cooling waiter being under automatic control of a self-acting 
pump and regulator which supplies the attemperators and needs no 
attention, whether one tub or many be in use. 

In Fig. 331 is shown the arrangement of an apparatus for cooling 
water for refrigerating and attemperating purposes in a brewery by 
means of an ammonia absorption machine of the Pontifex-Wood type. 

Jn the illustration H is the water service pipe from the compan/s 
main ot from other source of supply ; 1 is the cooled water pipe leading 
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from the cooler d up to the ice- water tank .t, in which the cooled or 
refrigerated water is stored to be drawn off as may be required for 
refrigerating or attemperating. A thermometer is fitted on the pipe i 
at the outlet from the cooler, and a regulating cock or valve on the pipe 



Fig. 328.— Pipe Arrangement for Vault in Brewery. Transverse Section. 


H, by which the supply can be so adjusted as to admit of the cooled 
water being delivered at any predetermined temperature. The water 
from the supply pipe h is run direct through the coil of the cooler d 
of the machine (which is placed on the ground floor of the brewery, 
and* sufficiently near the steam toilers to admit of a supply oC steam 
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Fig. 331.-r-AiTangem©nt for Cooling Water for Attemperating Purposes in 
Breweries with Ammonia Absorption Machine. 
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being obtaijied for use in the generator), from whence it passes reduced 
to a temperature of 45* or Fahr., or to any other desired lower 
temperature, to the tank J, which is at a sufficient elevation to com- 
mand the refrigerators and attemperators, and from which, as above- 
mentioned, it can be drawn off as wanted. The tank J is fitted with 
a suitable lid or cover, and is preferably constructed of wood, or of iron 
lagged with wood and sawdust. 

A is the condenser, b the separator, c the condenser, d the re- 
frigerator, E is the absorber, and g is the economiser. A full description 
of the Pontifex-Wood ammonia absorption machine has been already 
given in a previous chapter. 

In working an arrangement of this description the machine is started 
in the morning sufficiently early to admit of the ice-water tank J being 
filled up by the time the refrigerators are set to work. The machine 
is kept in operation until the refrigerating is done, and for a sufficient 
length of time after to admit of thetr.nk j being filled up again, so 
as to provide a sufficient supply of ice-water for the use of the attem- 
perators during the night and until the machine is again started next 
day. It is stated by the makers 1 hat when the tank J is properly con- 
structed as regards insulation, it has been constantly found in practice 
that the rise in temperature of the water is not more than 1 Fahr. during 
a stoppage of from twelve to twenty-four hours. The ice-water from 
the tank J is forced through the attemperators, due provision being 
made for enabling the supply to each of them being suitably regulated, 
or cut off altogether if desired, independently of the others. The pump 
for circulating the ice-water through the attemperators should be self- 
acting and provided with an automatic regulating device, thereby 
enabling it to act efficiently whether one or all the attemperators be at 

The results obtained by the use of an arrangement of the descrip- 
tion described are, in addition to a marked improvement in the quality 
of the beer, that there is a complete control over the refrigeration and 
fermentation, the b^r refrigeration can be performed in a very much 
shorter time, and consequently, the day’s work completed sooner, and, 
lastly, that the waste occasioned by the necessity for passing the 
greatest possible quantity of the comparatively hot water through the 
refrigerators and attemperators is obviated. This latter item alone is 
by no means insignificant, the saving where water companies’ water is 
employed for refrigerating and attemperating being generally more 
thap half. In large breweries where several machines are employed 
they are kept running continuously day and night.^ 
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The Cold Storage of Hops. 

Refrigeration has been found to be an excellent means for keeping 
hops from degenerating, and to effect this purpose a dry, dark room, 
thoroughly well insulated, and maintained at a temperature of from 
23° to 34°, is found to be the best. Either artificial or mechanical 
refrigeration, or ice, may be employed for cooling purposes, the first- 
mentioned being far superior. Before being placed in the cold storage 
room or chamber the hops should be thoroughly dried, sulphurised, 
and properly packed. 

Writing on the above subject in La Revue Generate du' Froid^ 
M. A. Mertus, Brewery Engineer and Professor of Brewing at the 
University of Louvain, states that hops should be moderately com- 
pressed and stored in a temperature maintained constantly between 
freezing-point and 37° Fahr., with a perfectly dry atmosphere frequently 
renewed'; 

Brewers should use hops as soon as possible after leaving cold 
storage, and they should be kept cool and dry and preferably in the 
dark. Hops intended for small consumers should be stored in bales 
of not over 112 lbs. weight, and be delivered as required. 


Amount of Piping Required in Breweries. 

Without knowledge of all of the elements affecting the cold losses, 
of course, only general statements can be made. The following data 
given by Mr F. E. Matthews in an article upon this subject, which 
appeared in Power ^ New York, will be of interest however : — 

The logical way of computing pipe areas, says Mr Matthews, is 
first to calculate the amount of heat entering through the walls of the 
cellar, and add to this the amount of heat generated by the fermenting 
wort.. For a given back pressure and known number of hours of 
operation of the refrigerating machine, it is then a simple matter to 
calculate the amount of pipe required. The estimate of the pipe area 
is based on the amount of heat that will pass through the metal of the 
pipe due to the difference between the temperature of the brine or 
ammonia on the inside and that of the air on the outside. 

The amount of piping depends on -the wall area, insulation 
. eflSciencies, and differences in temperature. When these factors are 
not all known, rough rules in the form of ratios may be used. A 
fermenting room, fpr example, maintained at a temperature of from 
36° to 40° would be piped according to the practice of one large 
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builder of refrigerating machines, on a ratio of 1 to 14 ; that is, 1 run- 
ning foot of 2-in. direct-expansion pipe for every 14 cub. ft. of space. 

For piping the different cellars in a brewery the following ratios 
will offer at least a rough guide, it being understood that they may 
not fit particular cases, and that it is desirable, when it is possible to 
determine the areas, differences in temperature, and nature of the 
insulation of each wall, floor, and ceiling, to compute the cold losses 
through the walls. Then, after determining the ammonia back 
pressure and temperature, the required number of square feet, and, 
finally, the number of lineal feet of heat-absorbing pipes may be 
ascertained. 

The table will serve as a guide in laying out the piping for brewery 
cellars of from 10,000 to 40,000 cub, ft. in size. 


Ratio of Piping fok Brfwery Cellars. 
h\ E. Maitlieam in “ Power ” 



Fermenting 
Storage cellar - 
Chip cellar 
! Racking room - 


Cubic Feet per Fool of Piping, Rooms 1,000 
t ) 4,000 Cubic Feet, 


■{ 

■I 

■{ 

■{ 


2-in. direct-expansion pipe 13 ‘5 
l^-in. brine pipes - - 7‘>'> 

2-in. direct-expansion pipe 21 
IJ-in. brine pipe - - 12 

2-m. direct-expansion pipe 24 
l|-in. brine pipe - - 14 

2 in. direct-expansion pipe 12 
li-in, brine pipe - - 7 


to 14.5 
„ K’5 

M 26 
„ 16 
30 
„ IH 
„ 15 
U 


Teuipeia- 

ture. 

I to 40” 
} 32 ” „ 
j- 34“ „ 36“ 
j- 34“ „ 36“ 


The approximate allowance per ton capacity to be made when 
selecting a machine for refrigerating beer wort is 15 barrels per ton 
on Baudelot cooler. One thousand gallons of sweet water per ton 
from 70“ to 40°. Climate consti-uction and exposure of buildings to 
be refrigerated, character of the insulation, management and method 
of handling work, &c., must of course be considered. 

A ready method of obtaining a rough estimate in tons of the 
amount of refrigaratiem required in a brewery is to divide the capacity 
of the brewery in barrels by four. 

Ice-Making in Brewbeies. 

Another obvious application of rejjirigerating machines in breweries, 
though (Vie of secondary impoiiiance, is that of making small quantities 
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of ice, either for use in keeping yeast cool or to send o^t to public- 
houses or for private use. This can be very easily accomplished with 
machines having a brine circulation. If only opaque ice be required, 
all that is necessary is to place galvanised iron pails, moulds, or cans 
of the shape of which the blocks of ice are desired, and filled with 
water in the brine tank, and the water will be frozen in a few hours 
into solid blocks of ice, which can then be loosened by dipping in 
warm water and turned out of the cans, the latter having a slight 
taper to admit of this being more readily performed. When, however. 



Fig. 33k— Triumph Icq Machine Company, KSmall Brewery with Refrigerating 
Machinery working on the Direct Expansion Systen). Sectional Elevation. 


clear, transparent crystal ice is desired, it is necessary to use de-aerat^ 
water, or to keep the water in motion whilst freezing, and some special 
apparatus is consequently required, such as will be found described in 
, tie chapter on Ice-making. 

In Fig. 332 is illustrated in sectional elevation a complete small 
, brewery fitted with refrigerating machinery on the direct expansicm 
^system as designed by the Triumph Ice Machine C5ompany, U.S. This 
cnt gives a good idea of the general arrangement of the plant in such 
; a, brewery ; for large breweries it, will of course differ to a greater or 
"leSMi*’ extent, depending upo^ the size, capacity, &c. * 
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RefAioekation in Candle and Paraffin Oil Works. 

Further imj)ortant applications of refrigerating machinery to manu 
facturing purposes are — In candle works, for the extraction of the 
solid stearine and paraffin; and in paraffin oil works, for enabling 
refiners to extract in an economical manner in the presses a greater 
quantity of paraffin than is obtainable in any other manner, and also to 
obtain a product of a superior quality. 

The first type of refrigerating machinery used for the extraction 
of solid paraffin was, as has been before mentioned, a Harrison ether 
machine, and the mode of application i.s described by Hr A. C. Kirk 
as follow's : — 

“In 18G1, when I applied an ether machine to the cooling of 
pa^'affin oil in order to extract the solid paraffin it was, as far as I 
know, the first application of a refrigerating machine to manufacturing 
pui-poses. 

“ Paraffin oil consists of a mixture of many oils of various specific 
gravities, and contains in solution many solid paraffins of different 
melting points, some crystallising from the oil at a low temperature, and 
.some at a comparativ ely high one. This crystallisable paraffin has to 
be extracted from the oil, as much to render the oil fluid at all ordinary 
temperatures as to secure the valuable solid paraffin which is so largely 
used for candle making. 

“ As paraffin and paraffin oil are very bad conductors of heat, it 
was from the first evident that in cooling it artificially the heat to be 
removed could not pass through a layer of any considerable thickness 
but at a veiy slow rate. In uiy earlier arrangements pipes, closed at 
the bottom and opened at top, depended vertically from an iron tube 
plate, and, by suitable arrangements, a current of cold brine was main- 
tained through these pipes. The pipes hung down into a wooden box, 
which was filled with paraffin oil, and, after standing a certain time, the 
oil was cooled and the paraffin was crystallised from its solution in the 
oil, the whole forraiujg a pretty firm pasty mass. An iron scraper plate 
fitted these tubes, and being attached to the box and drawn down 
with it as the box was lowered, forced this frozen paraffin down from 
between the tubes, and it fell into the bottom of the box. 

“This arrangement worked until it was entirely burned down. 
When it came to be reconstructed, I adopted a more speedy plan. I 
used a drum, with cold water circulating in it, or it might be cold 
brine, and as this drum revolved, thq lower part of its circumference 
,dippe<f iuto a small pan containing the paraffin solution. A coating 
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adhered to the drum, was cooled as the drum revolved, on the opposite 
side was scraped off continuously and fell into a tank below. By this 
means a continuous process was substituted for an intermittent one.'' 



An ordinary arrangement for the extraction of solid paraffin from 
shale oil is shown in Fig, 333, wherein A a are the cooling drums or 
cylinders, B B the troughs or receptacles intended to contaii\ the oil to 
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be treated, and c c scrapers for removing the partly solidified oil from 
the drums cylinders a. 

The operation of the apparatus is exceedingly simple, a circulation 
of brine, first reduced to about 10° or 12° Fahr., or other desired tem- 
perature, in the usual manner, is afterwards passed through the set of 
cooling drums or cylinders a, entering each of the latter at one of the 
hollow trunnions or gudgeons, and leaving at the other. The lower 
portions of the drums or cylinders a dip, as shown in the drawing, into 
the open shallow troughs b, one of which is placed below each drum, and 
in which the oil to be cooled and treated is placed. The surfaces of 
the drums or cylinders a during their revolutions are immersed in this 
oil, and become coated with a thin film of it, which is cooled by the 
circulation of the cold brine from the machine, and reduced in tempera- 
ture during the continuance of the revolution, until it is finally removed 
in a pasty condition by the scrapers c, one of which is arranged to press 
against the penphery of each of the drums or cylinders. The remaining 
oil is then drawn away by plunger pumps, and forced through filter 
presses, which separate the paraffin wax crystals or scales from the oil. 

The employment of a refrigerating machine of one type or another 
in a works engaged in the production of paraffin is, and indeed has 
been for some years past, deemed indispensable, and but few manu- 
facturers now endeavour to do without it. Indeed, the development of 
the paraffin industry dates from the time when an ether machinv of the 
Harrison type was first used for this purpose, which, as already men- 
tioned, was in 1861. 


Refrigehation in Artificial Bctter Factories. 

In the manufacture of artificial butter a variety of ingredients are 
first melted and 'imalgamatcd together at about blood heat in churns, 
and the resultant mass is then mixed with and run out into ice-cold 
water contained in open troughs. This sudden application of intense 
cold crystallises and granulates the artificial butter, which is then 
skimmed off, and at'’ the same time it also washes out the buttermilk, 
which other wise, by its rapid decomposition, would taint the butter. 

Primarily, aivl infle».d still to a considerable extent, the means 
adopted for reducing this water to the requisite temperature is the 
application of natural ice, which is placed in tanks partially filled with 
water, and by melting imparts its cold to the latter, This plan, 
however, is open to several serious objections, amongst which may be 
meniicned : The excessive cost of the ice and of the necessary labour 
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refrigerator of a Pontifex-Wood absorption machine, or of a compres- 
sion machine, is forced by a brine pump through the pipe i to the 



bottom of the refrigerator t, the construction of which ktter is more 
clMr’y shown in the enlarged view thereof, Fig. 336. Tt consists of 
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acts or rows of horizontally arranged copper or brass tubes, secured at 
their extremities in return heads, and through which the cold brine 
from the cooler passes. Over these tubes the supply water is allowed 
to trickle into the cooled or ice-water tank m, from which it is drawn 
off as required for the use of the churns through the pipes n. In this 
manner a steady and constant supply of clean cooling water at a tem- 
perature as low as 32*5'’ Fahr. is ensured. The brine returns to the 
pump from the top of the refrigerator l through the pipe J. 

In factories where the practice of using water cooled down only to 
39" or 40" Fahr. prevails, the brine refrigerator l can be dispensed 
with and the water to be cooled may be simply run through the pipes 
in the cooler as in the arrangement in a brewery for cooling water for 
refrigerating and attemperating, shown in Fig. 331. 

For holding artificial buttt^rs in cold storage for lengthened periods 
the temperatures recommended for both butterine and oleomargarine 
are 20“ to 35“. 

Refrioeration in Tea Factories for Regulatino the Tempera- 
ture OF the Oxidising or Fermentation op Tea. 

It is found desirable to maintain the atmosphere of the fermenting 
rooms in tea factories situated in the low countries or plains at the 
same temperature as those of factories situated in the hills, and this 
can be advantageously carried out by means of mechanical refrigera- 
tion. A patent for an arrangement of this description has been obtained 
by Mr H. T. Armitage, of Halton. By means of this process water 
tanks, cold cloths, fans, <kc., can be dispensed with, and the oxidation 
or fermentation carried on instead in a cold room, the temperature of 
which need not be reduced below 45", at which point it has been 
found > that fermentation ceases. A plant erected by Mr Armitage, 
for the above purpose, consisting of a Schou’s patent ammonia com- 
pression machine, made by Tuxen & Hammerich, having a cooling 
capacity sutficieftt to maintain a room of about 3,800 cub. ft. at 40", 
with the temperature outside at about 70" Fahr., and requiring 
about 2J H.P. for driving purposes, is found capable of cooling about 
250,000 lbs. of made tea per annum. 

Refrigeration in Sugar Factories and Refineries, for the 

, Concentration of Saccharine Juices. 

, Refrigeration is used in sugar factories and refineries for the 
concentration of saccharine juices and solutions by freezing or con- 
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gealing the watery particles, which are then removed, leaving the 
residuum of .a greater strength. 

A method of concentrating saccharine juices by freezing or 
congealing and decantation, devised by Mr P. Monte, is thus 
described in “La Sucriere Indigene et Coloniale.'' The freezing 
tank is fitted with two twin coils placed alongside each other, and 
in which the refrigerating liquid or medium is caused to circulate 
alternately from the external walls of the tank towards the centre 
and the reverse, for the purpose of producing layers of ice of equal 
thickness. The different layers of the liquid are reduced in temperature 
from the top downwards to the bottom, one after the other, the 
temperature of the refrigerating agent or medium gradually decreasing. 
In this manner a larger amount of the juice is frozen or congealed 
without the formation of an impenetrable mass of ice. The coils of 
pipe which serve as refrigerating coils foi the concentration of the 
saccharine juices, are subsequently employed to cool the refrigerating 
liquid or medium itself. 

The freezing or congealing tank comprises a vessel having separate 
coils of pipe placed at different heights therein, the circulations being 
arranged to take place, as already mentioned, from the exterior 
towards the centre. A battery or set of these tanks are connec^ 
up in series so that the freezing or congealing and the concentration 
can be carried out uninterruptedly, and that the ice formed and 
remaining after the removal of the concentrated liquid may subse- 
quently be used to reduce the temperature of the refrigerating liquid 
or medium without there being any necessity for the removal of 
the ice. 

REFMOEttATION IN BLAST FURNACES FOR DESICCATING AlE AND 

Producing a Dry Blast. 

Refrigerating machinery is becoming largely used for desiccating 
the air for use in blast furnaces, and producing a dry blast. To 
remove the moisture.from the air the latter is reduced in a saitable 
cooler to a temperature below dew point. The surplus moisture in the 
air is precipitated upon cold surface, and the air leaves the cooler 
nearly saturated, and at a comparatively low temperature. The 
percentage of saturation remains constant so long as the temperature 
IT the same. In the case of coolers of the -dry” type working at 
moderately low temperatures, a portion of the moisture precipitated is 
depoblf^jd upon surfaces in a liquid staAe, and can be drained off. Hie 

3 ^ 



466 REFRIGERATION AND COLD STORAGE. 

remaining moisture is j)rccipitatecl in the form of snow, and must be 
removed from the snow boxes from time to time. In coolers of the 
so-called “ wet ” type, the air is brought into contact with an uncon- 
gealable brine bath, which absorbs the surplus moisture. The brine 
becomes weak from dilution, and has to be periodically reconcentrated 
either by the addition of fresh salt or by evaporation. An objection 
to the “ wet ” type of a})paratus is the possibility of biine being carried 
away in a finely divided state with the currents of cold air. 

The advantages of desiccated air are as follows : — A reduction of 
about 15 per cent, in tlie consumption of coke, and an increase of from 
10 per cent. u})wards in the production of iron, according to the 
nature of the furnace, character of the ore, and other conditions. The 
furnace is more regular and uniform in its operation, and will hold the 
zone of fusion more steadily nearer the tuyeres. The life of the 
furnace lining is also lengthened, by 20 to 30 per cent., according to 
the working conditions. The use of desiccated air enables a much 
higher h\mt temperature to lie employed, and also ensures an economy 
of from 5 to 10 per cent, in the limestone used for fluxing purposes. 
There is also found to be a marked regularity in the silicon and sulphur 
content of the pig iron, which is a very important point, and also a 
considerable reduction in the Hue dust owing to the concentration of 
the heat at the tuyere zones, which causes regular operation, and 
prevents slipping or scaffolding in the furnace. The flue dust may be 
reduced as much as 50 per cent, by careful working. The use of 
desiccated air also gives greuter economy in the working of the 
blowing engines, the speed of which may be reduced as much as 
15 per cent. 

Figs. 336 and 337 show a large ammonia (NHg) plant on the 
Haslain system, erected at the Spring Vale Furnaces, Wolverhampton, 
belonging to Messrs Alfred Hickman, Ltd. The installation is 
capable of desiccjiting 100,000 cub. ft. of air per minute, entering the 
batteries at 90“*Fahr., and reducing same to 20“ Fahr., with a satura- 
tion of T3 grains of vapour per cubic foot. This apparatus, which 
has been in operation for some time, is found to give excellent re«jults, 
and, if required, a lower temperature than 20° can be obtained. The 
desiccated air is delivered to five furnaces, and also to the steel works 
for use in the converters. 

The installation comprises six duplex ahimonia compressors driven 
by rope gearing from electric motors. The ammonia condensers are of 
the Haslairi type, interlaced and without joints welded by electricity. 
The condensers are* constructed . to work witli high temperature con- 




Fig. 336. — Installation of Refrigerating Machinery (Haslam Type) for Desiccating 100,000 cub. ft. of air per minute for use in 

Blast Furnaces. Perspective View. 
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densing water, and the water pumps are driven by electric motors. 
The cooling of tlie air is effected by a Haslam patent air-cooling 
battery which consists of galvanised corrugated steel plates and direct 
expansion cooling pipes (see pages 294, 295), This battery is divided up 
into two sections, one for cooling water and the other for cooling brine. 
In the first section the air is cooled fnmi 90' down to from 36“ to 38“, 
and here the greater part of the aqueous vapour is extracted. The air 
then enters the second section at a temperature of from 36“ to 38°, 
and is cooh^d by brine t() 20“, or lower if required, and the remainder 
of the vapour extracted. The advantage of this arrangement is that 
the air deposits the great part of its moisture in the first cooler, and 
only a relatively small amount is extracted in the second cooler. A 
special brine concentrating apparatus is provided, so that any water 
ac'-umulating in the brine can be evaporated, which admits of the 
brine being kept at a regular specific gravity. 

Refrigeration in Wine Making. 

The following is an abstract of an interesting article on the use of 
refrigeration in wine making which appeared in the Bevue Genhale 
du Froidy Paris. 

Substances contained in saturation in the must of grapes become 
indissoluble when the temperature is reduced, and 2 to 3 grammes of 
cream of tartar have been in this manner obtained per litre of must of 
Burgundy wines. The gums, mucilages, and albuminous matters being 
acted on at the same time. 

Precipitations of mineral and organic substances create an inductive 
force acting on the matters in suspension, the deposit and the clear 
liquid becoming separated in respectively varying volumes, and low 
temperatures haX ing an intense defecating action. Cold augments the 
supersaturation of the mineral substances of the must, which has a 
great affinity for them, whilst the combinations of air and must are the 
slower the lower the temperature. This slowness of oxidation is an 
important feature. 

The action of cold may be helped by that of heat. Clear clarified 
must heated to forms a second coagulation, the precipitation of 
which is aided by cold. The two actions of refrigeration and Pasteur- 
isation may be thus combined, and a clear must deprived of many 
substances destined to be afterwards precipitated be obtained. 

In order to multiply the ferments, if the Pasteurisers are not dis- 
pensed with it is necessary to claiify and relieve the must of the 
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greater portion of its gorms. The l3est method consists in lowering 
the temperature to 4° or 5“ or even to 0“ if possible, with tflie addition 
of from 3 grms, to 5 grins, of liquid sulphurous acid per hectolitre of 
must. The defecation of cold has generally the result of taking from 
wine any earthy taste. 

Gatherings of grapes changed or decomposed are greatly benefited 
by refrigeration of tlic must before fermentation. The oxidising 
substances which impregnate mucilages are precipitated in the lees 
with a portion of the liurtful }>articles, likely to impart disagreeable 
flavours. 

The growers would find it advantageous to submit the must of 
white wines to the action of cold on coining from the press, until it 
turns limpid. Fermentation after drawing off clear sluiuld be allowed, 
and the ferments added will act more i fticiently. 

White wines ferment in large vats at temperatures exceeding 32' 
to 3{>°. A low temperature preserves tht' aroma produced by the 
ferments, and refrigeration by means of water is, as a rule, insuflicient 
in practice for the maintenance of a suitable temperature. 

On leaving tlie fermenting vats, white and red wines throw down 
important deposits. The wine deposits its gross ](‘es during the first 
month. At the end of six months the wine has made a series of 
deposits and assumes a limpid nature. The wine-grower dares not 
hasten young wines. With the help of refrigeration, however, a more 
complete and regular clarification can be obtained than that produced 
by six months of rest. Besides which, the lees or dregs are reduced to 
a minimum, and are heavy and concrete. The diminution of leos, 
especially in the case of raw wines, repays to a great extent the cost of 
.refrigeration. The wines thus freed may be immediately used, and 
under this head there is a sa^^ing in cellarage for the producer. In the 
year 1860 the use of cold for the congealing and concentration of wines 
was predicted byWergnette Lamothe in Burgundy. 

As large quantities have to be cooled, it is advisable to take 
measures to recover the cold, and the cooled wine may be used as a 
source of cold by means of temperature exchangers. 

The must is drunk in France under the name of unfermented wine, 
*‘vin bourru,” “macadam,'’ ‘^vin doux.” Towns like Paris, Lyons, 
and St Etienne, receive entire train loads ,of must from the south or 
special centres, such as Bergerac. In South America must is consumed 
after heating it over an open fire to impart keeping qualities and to 
give it a special flavour. Up to the present the practice has been to 
forward in tuns from Vignoble the muvst coming from the press.* The 
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tuns are either strongly fumigated, or treated with bisulphate 
of potash. Refrigeratioii is, however, the best means for transporting 
must to a distance. Must cleansed with 10 grms. of liquid sulphurous 
acid per hectolitre, Pasteurised in. the same way as wine and cooled 
to 8“, may be transported to any distance in waggons properly arranged. 

The concentration of wine by means of artificial cold had already 
been suggested by Baudoin and Schribaux; and M. Pacottet again 
in 1895 arrived at the same conclusions with respect to the problem ; 
(1) The freezing point is lowered in correspondence to the alcoholic 
contents, a wine having 7 per cent, of alcohol commencing to freeze 
at ~ T with formation of little crystals of ice ; at 1 1 per cent, of 
alcohol the freezing temperatures falls to - 5” and - Concentra- 
tion by cold therefore calls for very low tf nperatures, and is conse- 
quently oneroi.s. (2) Tf the crystals of ice be ‘ liparated from the rest 
(^f the wine, drained, and then submittea to an energetic whirling, 
they will be found to retain quantities of alcohol often exceeding 
1 per cent, n- \d also colouring matters, (3) Wine concentrated by 
congelation has a turbid appearance. After a certain period of repose 
it throws down on abundant depoSiC formed chiefly of organic matters, 
of tartar, and of colouring matters. If the concentration be carried 
to any length, the wine deteriorates with considerable rapidity, and 
assumes at the end of a few months the yellow tint characteristic of 
stale wines, To sum up, concentration by freezing entails considerable 
losses in alcohol, of colouring materials, and of tartar. The concen- 
tration of musts by means of cold is not yet developed on an industrial 
basis. The operation calls for special plant, and has to compete with 
concentration in vacuum at 40” to 44”. In a country such as the 
Argentine, however, where fuel is scarce and water power cheap, cold 
might be used economically as a concentrating agent. Its use affords 
the advantage of producing musts which are less acid than those 
produced with heat as the agent. 

Various other Manufacturing and Industrial Applications. 

Amongst the numerous other manufacturing and industrial appli- 
cations of refrigerating machinery, mention may be made of the 
following : — 

In dynamite factories for maintaining the dynamite at a low 
temperature during the process of nitrating. 

In manufactories of photographic accessories for cooling the 
gelatiife dry plates. 
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In soda-water works for cooling soda or mineral waters before 
bottling. 

In chemical works for the reduction of mother liquors at low tem- 
peratures, thus hastening crystallisation, and augmenting the amount of 
crystals produced, as well as reducing the cost of production. In addi- 
tion, however, to substances the crystallisation whereof is facilitated 
by cold, it can be also advantageously employed for the congelation of 
various chemicals, and for other purposes. 

In india-rubber works for the curing and hardening of blocks of 
india-rubber, thereby facilitating the cutting of same into sheets for 
the manufacture of various elastic articles, the material in that 
state admitting of it being worked up in a much superior manner, 
and, moreover, at a far lower cost. In glue works for drying the 
gelatine, and so admitting of the use of less concentrated solutions. 
And also in numerous other industries, in which it would he im- 
practicable to carry out many of the manufacturing processes in the 
summer months without the employment of some artificial means for 
cooling. 

For the purification of gas intended for the inflation of balloons by 
the removal of tarry matter, <kc., therefrom, and also for drying the gas 
by the elimination of the greater portion of the aqueous vapour present 
in ordinary coal gas as usually commercially manufactured, and in this 
manner greatly increasing its efficiency for the purpose in question. 
This method has been proposed by Mr C. Lambert. 

In tropical and other warm climates for cooling the atmosphere of 
hospitals and public buildings. 

For the regulation of plant growth by retarding the growth of 
' bulbs and flowering plants to, produce blossoms at any time of the year 
desired, and to fruit trees, so as to enable fruit to be obtained at any 
season. 

In laundries* for effecting the white bleaching of clothes, and for 
drying them, the latter operation being performed by means of a con- 
densing plate. 

For freezing bait in northern waters. At the present time a cold 
* ^tore of considerable size is being erected in the Westmanna Islands 
intended for the preservation of herrings for use as bait in the Iceland 
line fishing; 

^ ""For the preservation of furs, and various fabrics such as carpets, 
imgs, silks, tapestries, and upholstered furniture, from the ravages bf f 
' moths and beetles, and in the ca^e of silks to prevent them from Idsing ; 
and to preserve their gloss or lustre. Furs should be kept in 
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dark chambers at a teni]>ernture of 0° C. ; small articles in cases with 
layers of paper between, larger ones hung independently. 

For cooling the holds of vessels carrying live cattle, in which 
manner a uniform temperature of about 70" Fahr. can be maintained 
throughout the entire voyage (instead of its rising to over 100" as it 
otherwise would), thus entirely obviating the heavy losses of cattle 
usually experienced from the high temperature and bad ventilation. 
It might also be advantageously applied, on large passenger steamers, 
to cool and ventilate the saloons and state-rooms, as also the engine- 
rooms, &c., when in hot latitudes. 

And finally, for producing artificial surfaces of ice in inclosed 
places, so as to provide skating rinks upon which this pastime may be 
enjoyed during the mildest winters, or at any season of the year. Such 
an installation was ('rected some years ago at the Niagara Hall, 
London, of which the following is a brief description : — 

The plant consists of ammonia compression machines of the De 
La Vergne type, the ice-making capacity of which is of 12 tons per 
day each, T1»0 rink itself, when in everyday use, requires the expendi- 
ture of a refrigerating power equal to that consumed in the manufac- 
ture of 8 tons of ice per day, and the balance of power, which is con- 
siderable, is employed in the manufacture of block ice, and in main- 
taining the cold storage chambers in connection with the rink at the 
required temperature. 

The congelation or freezing of the water to form the ice surface 
of the rink is effected by a network of pipes which are laid upon the 
floor of the rink, and through which brine, reduced to a sufficiently low 
temperature in the refrigerator of the machine, is kept in constant circula- 
tion by means of a suitable brine pump. The non-congealable liquid or 
brine employed in this instance is a strong solution of calcium chloride. 

The operation of the ammonia compression machines employed for 
this purpose differs in no way from the description already given when 
dealing with that type of machine. 

Constructional Applications. 

For the freezing of loose ground in quicksand soils, in order to 
facilitate sinking colliery shafts, well-sinking, tunnelling, or putting in 
foundations, wherever the amount of water is too great to be pumped 
or in cases where the removal thereof would damage existing founda- 
tions. to avoid the necessity for expensive underpinning, &c. This 
may be effected either by means of aihmonia or cold-air machines. 
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Tn the case of a quicksand in a well, a coil of pipes, of a somewhat 
larger diameter than the lining of the well, is usually sunk into the 
quicksand, and the latter frozen by a circulation of cold brine through 
the coil. The necessary excavation can then be proceeded with, and 
as soon as the lining is jiut in, the circulation of brine is stopped and 
the coil withdrawn. 


TuNNELTJN(i. 

During the construction of a tunnel for foot-passengers through a 
hill in Stockholm this method was employed for driving the tunnel 
through about 80 ft. of loose ground, consisting of gravel mixed with 
clay and water, which possessed vso little cohesion as to render the 
ordinary method of excavation impossible. The refrigerator employed 
was a cold-air machine of the Lightfoot type, capable of delivering 
25,000 cub. ft. of air per hour, and the arrangement consisted in form- 
ing the innermost end of the tunnel into a freezing chamber by means 
of a partition wall made of a double layer of wood filled in between 
with charcoal. After the refrigerator was run continuously for sixty 
hours the gravel was frozen into a hard mass to a depth varying from 
5 ft. near the bottom of the tunnel to 1 ft. near the top. The work 
was proceeded with in 5-ft, lengths, the excavation commencing at the 
top, and a temporary iron wall of plates 12 in. square was built up 
against the face from the top downwards as the cutting away of the 
gravel was proceeded with ; the arching of the tunnel was completed 
as quickly as possible close up to this temporary iron wall while the 
ground was still frozen. After being fairly started it was found sutfi 
cient to run the cold-air machine on the average from ten to twelve 
' hours every night except after heavy rains, when much water perco- 
lated through the gravel. After two 5-ft. lengths had been excavated 
the partition was moved forward. The daily progress whilst employing 
the freezing process was on an average about 1 ft. 

A full description of the construction of this tunnel is given in the 
Engineer of 9th April 1886. And in the issue of 30th November 
1883 of the same journal, will be found an interesting account of the 
Poetscli method of sinking colliery shafts by freezing the soil by means 
of an arrangement consisting of a series of vertical iron pipes placed 
in a circle. , 

Sinking Shafts. 

A very interesting account of the more recent applications of the 
PoetsCh process in France has also been given in a paper iip6n the 
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use of freezing machinery for sinking through water-bearing strata by 
F. Schmidt,* of which an abstract is subjoined. 

The Poetsch process was first employed in the Houssu coalfields of 
Hainault in 1885, having been introduced into France at a later date, 
viz., 1890, and since extensively employed for sinking pits through the 
Tertiary and Cretaceous strata above the coal measures at V endin-Sens, 
Dourges, Courrieres, Yicq-Anzin, and Flines-lez Raches, the pits being 
respectively 82 and 84, 47, 45, 102 and 102, and 70 m. in depth. 

The latter was the most difficult undertaking. The permeable 
strata to be got through were 70 m., blue marls affording a bearing 
for tubing at 72 to 79 m. ; the Tertiary sand.s and clays were 25 ra. and 
the chalk about 50 m. in thickness. At the junction of these forma- 
tions a heavy sheet of water was encountered, which gave from a 
single bore-hole a flow of 1,200 cub. m., which rose to 2 m. above the 
surface ; a second one in the lower portion of the chalk between 65 and 
70 m. also overflowed. Two brick towers were constructed round the 
mouth of the pit — viz., an inner one of 6 m. and an outer one of 11 m. 
in diameter, and rising the one 1*6 m. and the other 2*6 m. above the 
level of the surface — with the object of arresting these feeders, but 
were found to be ineffectual and incapable of maintaining the water 
level constant by reason of a lateral flow joined to subsidence which 
was set up in the overlying strata of sand, the arresting of which 
ncicessitated the sinking of a special bore-hole so as to trap the spring 
at a distance of 25 m. eastward from the pit, by which means a steady 
head of 1*6 m. of water was got in the towers, and the freezing 
operation could be commenced. 

The freezing circuits were twenty- two in number, contained in bore- 
holes 75 m. deep, one of which was located in the centre of the pit, 
which was 4*2 m. in diameter, the remaining twenty-one being 
arranged in a rijig 6 m. in diameter. An ammonia-compression 
machine of the Fixary type was used for the production of the 
necessary cold ; it was driven by a 500 x 900 mm. single-cylinder 
engine, making eighty revolutions per minute, and capable of producing 
cold equal to 1 ton of^ ice made per hour. 

In thirty -eight days from the 1st September 1894, upon which 
date the freezing rllachine was started, the ice-wall was completed, and 
the sinking commenced on the 25th October, the relief or special bore- 
hole being stopped for good on the 5th November. At the upper 
strata the ground was broken up by means of picks and wedges, but at 
a lower level blasting by means of compressed powder was employed. 

* Btdletin de la SociiU de V Industrie Mtn^rale, vol. ix. , 1 895, pp. 273-416. 
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The central tube was disused and removed as tlie sinking progressed. 
When a depth of 14*8 m. was reached two oak seating rings, the one 
22 X 24 cm. and the other 22 cm. square, were secured in position for 
the first line of tubbing, which was composed of segments of oak 16 cm. 
to a height of 2*6 m. above the surface level, with a 16 cm. backing of 
concrete increased to 70 cm. near the surface. A second seating with 
curbs of 22 x 24 cm. and 22 x 20 cm. was fixed at 25*93 m., and a third 
at 43*82 m,, which latter liad three seating rings respectively, of 
22 X 28 cm., 22 x 24 era., and 22 x 22 cm. in section, the tubbing rings 
being of 18 cm., with the same thickness of concrete behind. By April 
1895 the pit was sunk to a depth of 70 m., and on the 1st May the 
building of the tubbing was completed. Light was provided by incan- 
descent electric lamps supplied with electricity from a dynamo situated 
in the same building as the freezing machine. 

The cost of sinking in frozen ground per nuiter was as follows : — 



Francs. 

Freezing .... 

- 1,550 

Sinking . . . . 

- 150 

Tubbing .... 

- 050 

Concreting and sundrieH 

50 


2,400 per metre. 

The Poetsch method of sinking has been also lately successfully 
employed at the coal-field of Ligny-les-Aire in a sinking through a 
permeable covering of about 86 m., and in the repair of the cylinder 
pits of the Fontinette Canal lift. These pits, which were of 4 m. 
in diameter, were sunk by compressed air and tubbed with cast iron 
between 1883 and 1887. In 1893, however, owing to an irregular 
subsidence of the ground, they became leaky, and it was decided to 
„ replace the iron lining by one of brickwork of 80 cm. in thickness, 
thus reducing the diameter from the original 4 m. to 3*7 m., with ^ 
a considerable increase in the bottom bearing of the press, which was 
to consist of a cylindrical block of brickwork 5*307 m. in diameter 
and 2 m. in height. In the carrying out of these repairs it ‘was 
deoiddd to adopt the freezing process in preference to using compressed 
air, so as to avoid any chance of disturbing the ground, and thus 
causing damage to the neighbouring buildii^s. 

,,The work was commenced at the right-hand press, the boat-cradle 
"being secur^ at its highest level by means of two supporting girders ^ 
> hf 40 m. in depth ; the piston was disconnected, and twenty bore- 
jholes* arranged on a circle of 6‘307 m. in diameter, or 99 cm« apart, ^ 
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and one placed centrally, were provided for freezing. These bore-holes 
were about *2 m. deeper than the bottom of the new foundation, and 
lined with tubes of 160 mm. in bore and of 5 mm. in thickness, 
formed of steel. The freezing tubes were likewise of steel and 125 
mm. in diameter, and the inside brine supply pipes of iron and 33 mm. 
in diameter; the collecting rings were of 100 mm. bore by 6*050 m. 
diameter on the admission, and 6*7 m. diameter on the return circuit. 

Mr Schmidt does not think that the methods of working proposed 
by Mr Gobert and Mr Koch are likely to afford as favourable results 
as are obtainable by the original method. The first of these gentlemen 
proposes to volatiso the liquefied ammonia in the freezing circuits; 
and the latter depends entirely upon gaseous expansion. 

The paper also contains descriptions of the combined method of 
freezing and fire-setting in frozen ground used for prospecting for 
gold in the alluvial deposits of thi', Sibenan i ivers during the winter. 

The following extracts are taken troia an account of Mr Gobert’s 
system * given in “ The Colliery Manager's Handbook ” : — 

This is a nodificatioii of the Poetsch congelation method, and is 
specially applicable to the sinking of shafts through shifting sands 
and water-bearing strata. 

Fig. 338 is a vertical section and Fig. 339 a plan showing the 
refrigerating plant and the shaft to be sunk, the two being as near 
each other as possible, and the shaft being lightly roofed over as a 
protection from the weather. The power of the steam engine required 
varies with the diameter and depth of the shaft to be sunk, and need 
not exceed 40 II.P. unless the shaft is deep. Tlie steam engine and 
compressor are placed horizontally side by side and connected to the 
same shaft, with a fly-wheel and pulley for belting between them. 

Liquid ammonia is forced by the compressor through the series of 
wrought-iron tubes of the condenser, first to the reservoir, which acts 
as a kind of governor, and then by the lower of the two pipes seen in 
the vertical section to the system of congelation tubes round the shaft. 
Great heat results from compressing the gaseous into liquid ammonia, 
and in order to abstract it, the condensers have a relatively large 
surface, and cold water is caused to circulate freely round them, 
This water is in a state of agitation by means of the small water 
wheels with floats, shown in the drawings, driven by belts off the 
pulley on the main shaft. 

* For further description and illustration of the system see “The Colliery 
Wager’s Handbook,” by Caleb Famely, M.E., published by Crosby Lockwood 
& SOiM^ndon. 
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The machinery, by means of the upper of the two pipes seen in 
the vertical section, exhausts gaseous ammonia from the congelation 
tubes, sunk vertically beneath the surface of the earth round the site 



of the shaft, and forces it, condensed into a liquid form, first through 
the apparatus for separating the oil (see Fig. 339), and then into the 
condenser. ’ * 
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The compresaor piston is freely lubricated with mineral oil, and 
some of tha ammonia comes into contact with and is absorb^ by 
it. The mixture might choke the tubes of the condensers, and pos- 



sibly even reach the congealing tube^if the two 
senLted This is effected chiefly by the oil-separator, but, as an 
additional precaution, a space is provided at the bottom of eadi 
congelation tube for the reception (jf any oil that may be earned 
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there. The oil retained in the Beparator is not effectually separated 
from the ammonia, but is slightly mixed with it. This ammonia, how- 
ever, is recovered in the purifier, where it is driven off by distillation. 
The distillation is effected by means of a worm through which steam 
from the boiler circulates ; the ammonia vapour is led by a small 
curved pipe, seen in Fig. 338, into the main pipe leading the gaseous 
ammonia from the shaft to the compressor. 

Over the centre of the area forming the intended shaft are two 
pipe-rings, the lower of which is in connection with the ingoing pipe, 
and receives the liquid ammonia, and afterwards distributes it by the 
radial pipes to the vertical congelation pipes sunk in a circle below the 
surface of the earth. The upper ring is in connection with the return 
pipe, and forms a receiv(m for the collection of the; gaseous ammonia 
from separate orifices in the same congelation tubes after it has by 
evaporation in these tubes produced the desired refrigerating effect. 
The gaseous ammonia is drawn from the upper ring pii)e to the con- 
denser through the return pipe. 

The liquid ammonia is not allowed to fall to the bottom of the tube 
and collect in a mass, but in order to cause the evaporation of the 
greatest possible amount of liquid in a given space of time, the small 
pipe for leading the freezing liquid through the tube is made to assume 
either a wavy or a spiral form, as shown in Figs. 340 and 341, in which 
A represents the congealing tube, b the pipe for leading the freezing 
liquid, and c small holes for allowing the liquid to escape into the tube, 
at points more or less frequent, as may be desired. The injecting pipe 
is led down nearly, but not quite, to the bottom of the congealing tube 
and both pipe and tube are closed at the bottom. The entrance of the 
congealing liquid into the injecting pipe is carefully regulated, and 
descends slowly in a ihin stream, the flow being retarded by the waves 
or spirals, and giving up a part of itself at intervals. 

The source of heat necessary for evaporating the liquid is the higher 
temperature of ^tlie surrounding strata, and this heat passes not only 
, through the thickness of the congealing tube, but also across the frozen 
Wall which soon surrounds it. By this arrangement the liquid to be 
evaporated escapes into the congealing tube at all depths simul- 
taneously, and the whole source of heat available is thus utilised at 
the same time for evaporating the freezing liquid. In other words^ the 
refrigeration is effected simultaneously at all points. _ . 

, The diameter, number, and arrangement of the holes in the inject- 
ing pipe, and also the pitch of the spirals or undulations, are varied in 
iwcordance with th^ depth in order to produce a greater freezing effect 
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ftt special points, or a uniform freezing, in accordance with the require- 
ments. A congelation may therefore be arranged to have the frozen 
column of larger diameter at the bottom than at the top, on the sup- 
position that the measures are of uniform consistency, in order that its 
stability may be maintained while the shaft is being sunk through it. 

The arrows in Figs, 338 and 339 show the course of the ammonia 
in its passage, as a liquid, from the compressor to the condensers, 
and then on to the congelation tubes, and also its return, in a gaseous 
state, from the congelation tubes to the compressor, to he again 
liquefied, and so on. The same ammonia serves indefinitely, with the 
addition of a small quantity to compensate for waste. 

The process requires a large quantity of cold water for use at the 
condensers, but this must not be drawn from any point so near the 
site of the shaft as to create a current, which might oppose and retard 
the congelation by licking or washing the congelation tubes, thus 
depriving them of their refrigerating effect, which would be carried 
away instead of going into the surrounding sand. 

When the wet sand or loose material h^is been frozen round the 
tubes, sinking may be commenced with a small windlass placed 
between the collecting and distributing rings and the circumference 
of the circle of congelation tubes. The men enter, and the excavated 
material is removed, laterally, near the surface, between two congelation 
tubes, where also access is obtained for the segments of tubbing. 

More important winding apparatus must, of course, replace the 
windlass when the sinking has reached a depth of 2 or 3 fathoms; 
then, if the arrangements have been made judiciously and due 
precautions taken, the frozen mass will be so large as to require 
slighter refrigerating power to maintain it than that required for its 
production. This allows 'of the removal of one or two radial pipes 
for distributing the ammonia in order to allow of more space for the 
working of a winding engine. 

A great advatitage claimed for the Gobert modification is that if 
the congelation tube be surrounded with water and there be a defective ^ 
joint, the water will simply enter the tube, on account of the pressure 
therein being less than that outside. If such an accident occurs at 
all it is usually after congelation has proceeded for some time and the 
tube is already surrounded with ice ; there will then be no interruption 
in the work. The liquid ammonia always enters the tubes at a tem- 
perature above freezing-point, and in practice varies from between 
20“ and 35“ Cent. (68“ to 95“ Fahr.). The cold produced is due to ^ 
the liquid ammonia becoming volatilised in the tubes. 
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It is of course impossible to entirely guard against leaky joints. 
The thrust* of the superincumbent measures severely tries them, but 
special attention has been given to the design of the joints in order 
to increase their power to resist the strains to which they may be 
subjected. The method of connecting the ends of congelation tubes 
has been by screwing one end into another without internal sock^s. 
The thinning of these tubes at the joints frequently causes them to 
break in being withdrawn from the ground. 

The form of joint used by Mr Gobert is shown in Fig. 342. Its 
chief feature is an internal collar, or ring, shown by crossed hatchings 
in the section. This collar has an outside flange of the same outside 
diameter as that of th(5 tubes which it serves to connect. The flange 
is undercut on both sid(5s so as to be of doveta’led section. Each end 
of a tube is also bevelled or curvefl off so as to afford with the collar 
flange a groove wider inside than out, iudding and compressing the 
lead ring or washer instead of forcing it outwards, thus affording an 
absolutely tigl^t joint when the ends of the tubes are screwed on to the 
collar. In sor te cases, especially for joining the smaller size of tubes 
the internal collar is made without a flange, and then only one leac 
wjisher is used placed between the ends of the tubes, which must b( 
bevelled and curved just the samii as when the collar is flanged 
On the tubes being screwed up, they squeeze the washer between them 
just as the gland of a stuffmg-box compresses the packing. The outei 
lines of the section, Fig. 342, shows the form and extent to which t 
tube was covered with ice after having been immersed for thirty-tw< 
hours in a tank filled with water ; the ice weighed 62 kilogs. (137 lbs. 
at the end of the operation. If the tube had been immersed in we 
sand instead of clear water, the congelation would have been mon 
rapid. One of the two smaller tub(‘,s shown at the top of the congela 
tion tube serves to introduce the liquid ammonia, while the othe 
carries off the gas to the upper ring-pipe. 

Instead of ammonia, any other liquid susceptible of easily assuminj 
the gaseous state, sqch as liquid carbonic acid or liquid anhydrou 
sulphurous acid, may be employed with a suitable modification of th 
engine. 
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ICE-MAKING 

Various Methods of leo-Making — The Can System— The Wall or Plate System— 
The Stationary Cell System— Miscellaneous Arrangements for Making Clear 
or Crystal Ice by Agitation — Holden System of Ice-Making — Water De- 
aerating or Distilling Apparatus --Vacuum System of Ice-Making -Imitation 
of Natural System — Ice Factories -Ice-Elevating and Conveying Machinery 
— Ice-Making, General — Brine — Storing Ice — Ice-Crushing or Breaking 
Machinery, 

The specific gravity of ice made from de-aerated water is, according to 
De Mairan, '926; its specific heat is ‘504; at a temperature of 32“ 
Fahr. 1 cub. in. = -033449 lb., 1 cub. ft. = 57*789872 lbs.; 1 lb.= 
29-896259 cub, in., or -0174 cub. ft. The equivalent of 1 ton of ice is 
318,080 thermal units,* that is to say, that this is the amount of heat 
that would be required to convert 1 ton of ice at a temperature of 32“ 
Fahr. into 1 ton of water at a temperature of 32° Fahr. ; or, on the 
other hand, it is the amount of heat that is necessary to extract from 
1 ton of water at a temperature of 32° Fahr. in order to convert it into 
1 ton of ice at a temperature of 32° Fahr. The amount of heat that 
would have to be abstracted from 1 ton of water at 60° Fahr. to form 1 
, ton of ice at 32° is 382,144 units. 

When the manufacture o'f artificial ice first assumed the proportions 
6f an industry no great thought was given to the quality of the pro- 
duct, and consequently all, or the greater part, of the ice so made was 
opaque. 

Soon, however, a demand for a superior article arose, and it became 
necessary to introduce means for the production of clear, transparent, 
ciyst&l ice ; the result being numerous inventions and patented devices 
of more or less efl&cacy. 

The reason why the blocks of ordinary artificial ice are formed 
opaque is that the rapidity of the. freezing process prevents the air 
' contained in solution in the water from escaping, and this opacity in- 

^ * A tberinal unit i^ that amount of heat necessary to raise the temperature of 
. 1 lb. of water 1“ by the Fahrenheit scale when at 89*4°. Meoh. eq., pounds, 
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creases towards the centres of the blocks, and is less in hot climates 
than in colder ones because the (juantity of air held in the water 
decreases as its temperature is raised. Not only is this opacity objec- 
tionable by reason of the less pleasing appearance of the ice, but also 
on account of the far inferior keeping qualities of the article. 


Various Mkthods of Ice-Making. 

Five methods may be employed for preventing this opacity and 
forming clear, transparent, crystal ice, viz., by freezing the water slowly 
at comparatively high temperatures; by agitating the water in cans, 
moulds, or cases during the process of freezing, so as to admit of the 
escape of the contained or imprisoned air; by forming thin slabs of 
ice on what is known as the wall or plate system ; by freezing water 
in shallow stationary cells ; and finally bv de aerating or depriving the 
water of its air before placing it in the moulds or cells. 

The first < f these plans, besides, at best, only producing blocks of 
ice partially clear, was so extremely slow, and required the use of such 
a large number ui cans or moulds, and correspondingly large tanks, as 
to thereby render the first cost of the apparatus ruinously high, and 
it was consequently soon abandoned altogether ; a modification of the 
same method wherein the temperature of the liquid or medium used 
for abstracting the heat from and freezing the water was gradually 
decreased, having likewise experienced the same fate. 

The second method or agitation can be more or less successfully 
carried out in a number of dillerent ways, but has, likewise, certain 
drawbacks; for instance, complication of mechanism, incres/sed first 
cost of plant, tkc. 

The third and fourth nuithods, or the wall or plate and shallow 
stationary cell systems are also objectionable, by reason of the extent 
of the plant required and the slowness of the process. 

The fifth method, or that wherein the water is first de aerated, that 
is to say, the aii* is expelled from the water before it is placed in the 
cans, moulds, or cases, is, all things considered, perhaps the most 
satisfactory, and Is in extensive use in many works where large 
quantities of ice are made. 

As the refrigeration of cold stores or chambers, so also the manu- 
facture of ice with modern machines may be divided into two main 
systems, that is to say, the one wherein brine previously reduced in 
temperature in the cooler or refrigerator of the machine is used fw 
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freezing the water, and the other wherein the freezing or congelation is 
effected by the direct expansion of the refrigerating agent. ' 

It will be readily seen that the latter system enables a very 
considerable amount of apparatus, essential in the first, to be entirely 
dispensed with ; prevcmts the loss of efficiency due to a second trans- 
mission of heat j and, moreover, avoids the mess and inconvenience so 
frequently occasioned by a careless or unskilful use of the brine solution. 

Much greater difficulties, however, have to l)e surmounted before 
the direct-expansion system can be successfully applied to ice-making 
than is the case with the cooling or refrigerating of cold stores or 
chambers. In the latt(ir, indeed, all that is required to ensure com- 
plete success is a perfectly gas-tight system of pipes, and as a pipe of 
no very great diameter forms the safest, surest, and least expensive 
method of imprisoning or confining a gas of a searching nature, it con- 
sequently follows that no insurmountable difficulty is here experienced. 
But the freezing or congelation of water is quite another matter, and 
requires »4traight surfaces, as it is not only very difficult to remove the 
ice that becomes formed round pipes, but a very considerable portion 
of it is also wasted in so doing. Hitherto attempts to construct straight 
surfaces with sufficiently gas-tight joints have proved more or less a 
failure. 

Amongst the numerous different methods devised for agitating the 
water whilst it is freezing, mention may be made of the following : — 
The insertion into the can or case of a metal or other bar which has 
imparted to it a vertical reciprocating motion through a revolving 
shaft and cam or wiper, or by a crank on the shaft, or the placing in 
the can or case of a wooden or other paddle which is moved to and 
fro, or of an endless jscrew or spiral which is rotated by any suitable 
mechanism. The introduction into the can or case of a pipe extending 
to within a short distance of the bottom thereof, and through which a 
current of cold Air is forced, which rising in bubbles through the 
water; produces ^ circulation in the latter. The imparting of a rocking 
or oscillating motion to the can or case itself during the freezing 
operation. 

The main objection to those arrangements wherein some form of 
• agitator, or the above-mentioned air tube, is inserted into the can or 
case is the necessity for withdrawing them, fit or near the termination 
of the freezing operation, to prevent them from being frozen into the 
blocks of ice. 

In the last-named method, the gear for imparting motion to a lai’ge 
number of cans or dSases is found to be exceedingly cumbersome, and 
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has besides to be disconnected, to allow of thoir being lifted from the 
ice-making tank or cistern to remove the finished blocks of ice 
from the cans. 

The Can System. 

Fig. 343 shows a patented arrangement of Pontifex and Wood’s 
for making clear or transparent pyramids of ice suitable for table 
deconition, Ac. The ice-making liox or tank a is formed of iron, 
wood-lagged, and the intervening space is filled witli sawdust. The 
ice-moulds or cases n are made of galvanised wrought-iron, and are of 
a suitiible pyramidical form ; and the agitiitors c consist of spirals or 
endless screws, which are kept constantly revolving, during the 
freezing of the block, by gut or other bands d, 
gearing on pulleys E, fixed upon the verti< al 
spindles carrying the spirals or endless screws, 
and upon a horizontal shaft f, supportv;d in 
bearings in brackets secured to the side of the 
tank, to whicli latter shaft rotary motion is 
imparted through belt gearing from any avail- 
able source of power, as shown in the drawing. 

When the block is nearly frozen solid the 
agitators must bo withdrawn, for which pur- 
pose the brackets carrying the spiral, or endless 
screws, are so secured to the tank as to be 
readily removable ther'^froin. Fig. 343. __ pyramid 

By arresting the freezing action before the Ice-making Box or Tank, 
block is frozen quite solid the central hollow Vertical Section, 
can be filled up with fruit, llowers, or other 

objects, and afterwards tin* congelation completed, thus producing 
very beautiful effects. 

Fig. 344 is a perspective view showing a can ice-box with agitators, 
which is the oldest and simplest method of making clear or crystal 
ice. The construction of the apparatus, which is of the Pontif ex- 
Wood improved type, will be apparent from the drawing. The 
agitators c, whioh^ are ^<'ry readily removable, are operated through 
rods running upon rollers, to which rods a reciprocating motion is 
imparted from a rocking shaft o, mounted at one end of the tank, 
through suitable' connecting rods. The ice-making tank a is similar in 
construction to that shown in Fig. 343, but is of larger dimensions, 
and ic filled with brine, a circulation of which is kept up from the coils 
of pip^ the cooler of the refrigerating machine by a brine-pump, in 
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the usual manner. The ice-cana or moulds n are formed of galvanised 
iron, and the blades of the agitators c are of wood. To remove the 
finished blocks of ice from the moulds or cans they are dipped for a 
few seconds in a tank containing warm water, which may be derived 
from that running to waste from any convenient source. The sizes of 
the blocks of ice made vary from 2 ft. x 2 ft. x 6 in. in thickness up to 
3 ft. 6 in. X 3 ft. G in. x 12 in. in thickness, and in weight from 
1 cwt. up to 6 cwt., according to the dimensions of the cans employed. 

Fig. 345 is a vertical longitudinal section showing the “ Eclipse ” 
can ice-box made by the Frick Co. The interior arrangement of the 
trunk and ammonia evaporating pipes or coils, ice-moulds or cans, 



frame-work for holding the (ians in position, with the wooden covers, 
are all clearly shown in the engraving. 

Puplett’s agitators for liberating the air from the water during 
freezing are also reciprocated by crank mechanism. They are, more- 
over, so arranged that as the ice grows, and it becomes necessary or 
desirable to reduce the width of the paddles or agitator blades, the 
latter "can be feathered by giving them a quarter-turn in + shaped 
'ulots. 

This system of making clear, crystal, transparent ice has, as already 
stated, several objectionable features,. which may shortly be summed up 
&8 follows - 

The blades of the agitators occupying the centres of the cans or 
mbulds whilst the blocks are freezing, have to be withdra^yi ^t the 
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finish, in order to prevent their becoming frozen into the blwks, conse- 
quently the spaces occupied by them during their traverse have to be 
congealed without agitation, with the result that each block has a 
narrow core of semi-transparent or almost opaijue ice in the centre, 
which to a slight degree, spoils its appearance, although the keeping 
qualities of the ice are not affected thereby. If, however, any im- 
purities are conbiined in the water they become frozen up in the blocks 
and show through them, to tlie considerable detriment of their 
appearance. 

The unavoidable freezing of the blocks at different speeds frequently 
results, with (;ai*eless watching, in some of the agitator blades or paddles 



Fig. 346.'—“ Eclipse ” Can Ice-moking Box. Vortical Longitudinal Section. 


getting frozen in prematurely, and broken off. The cans or moulds 
are sometimes filled too full of water, which, in consequence of the 
e^tpansion due to freezing, runs over into the brine solution and dilutes 
it, in some cases to such an extent as to cause it to freeze or congeal 
at the ordinary working temperature of the machine. 

The additional weight of the cans or moulds which have to be 
lifted with the blocks of ice entails an extra expenditure of labour, and 
the constant handling thereof renders their lives short and necessitates 
a large stock and frequent repairs and renewals. 

To obviate the first of these objections, wooden frames have 
been ometimes placed in the centres of the moulds or cans, inside 
which 4tbc agitators are adapted to ^ork, a block of ice being frozen 
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up ai each end. This, however, gives rise to further serious objections, 
the wooden frames having to be removed from the moulds or cans 
with the ice blocks, dtitaclied therefrom by means of chisels, and 
again replaced in the moulds, and a certain quantity of dirty 'water has 
moreovei- to be pumped out of each of the latter before the with- 
drawal of the ice block and frame therefrom, both of which operations 
entail much additional laboui*. The unequal i-ate of freezing of the 
blocks causes some of them to come out of an uneven shap(^ and 
under their proper weiglit owing to the large holes in their centres. 

Every apparatus for making ice on this system should hi) fitted 
with an arrang(;ment for automatically supplying to each can or mould 
a sufiicient predetermined charge, and no more. In the absence of 
this, however, a gauge should be used, and tlui greatest care in filling 
the cans should be exercised. The moulds or cans should not be filled 
to mor(i than within G in. of the top. 



Fig. 340.— Propeller for Circulating or Agitating Brine in Ice- 
rnaking Tank or Box. Side Klevation. 

On the other hand, again, the can system has several well-defined 
advantages which certainly deserve full consideration. For instance, 
the fir.st cost of the ‘ simple apparatus is low as compared to many 
others ; the blocks of ice produced btung, as a rule, of an uniform given 
size and weight, the necessity for weighing them is dispensed with and 
they are very convenient to load and pack ; should a can become leaky 
it can be placed on one side for repairs and a spare one inserted in its 
place without delay; and, lastly, the construction of every part of The 
apparatus is so simple that it can be made or repaired by any ordinary 
engine'er without special knowledge of ice-making machinery. 

The cold brine in the ice-making tank or box is circulated or 
agitated by means of a duplex, centrifugal, or other suitable pump, 
or I?y means of a propeller. The latter, one form of which, made by 
the “Triumph” Machine Company, is shown in Fig. 346, is the 
cheapest arrangement, and is sufficiently effective. The shaft of the 
above* propeller is made of the best bronze metal, with three, bdfa-rings 
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fitted with ring oilers. The bearings are of double-brace make. This 
propeller may be operated by belt-gearing from a small engine, or by 
an electric motor, or any other available source of power. 

Fig. 34'J is a brine strainer of a pattern made by the Frick 
Company, and the construction of which is obvious from tin* drawing, 
which shows it in vertical central section. 

Many ing(;nious, but mostly complicated and expimsive, nnudianical 
arrangenumts have becui also devise.<l for facilitating the handling of 
the cans (U' mouhls, and so lessening the labour of moving them, a 
brief description of some of the best and simplest of which will be 
found at the end of this chapter. 

Th(‘: Frreziii.i) Time Ueqnired for Cait /cc.— With brine at 14" 



Fig. 347 . --Brine Strainer, Frick Pattern. Vertical Central Section. 


the average time of freezing different-sized blocks of can ice is, 
according to Mr F. E. Matthews writing in Power, New York, as 
shown in the follow ing table : — 


Time Hki^uired for Frekzinij Can Ice. 





Si/e of Can 

Weiglit of Ice. 

Freezing 1 ime. 

Inches. 

Pounds. 

Hours. 

6 by 12 by 2() 

r>o 

15 to 25 

i 8 „ 16 „ 32 

1(K> 

30 „ 50 

1 8 „ 16 ,, 42 

150 

30 „ 50 

11 „ 22 „ 32 

200 

50 ,, 72 

11 „ 22 „ 44 

' 300 

m) „ 72 

11 „ 22 „ 57 

1 400 

1 • 

50 „ 72 


^2 REFRIGERATION AND COLD STORAGE. 

-While »o exact rule, says the saiae authority, can be formula!^! 
mt expressing the freezing time in terms of difference in t^nfip*at^ie;} 
iietween the brine and the freezing water in the can, because xal the i 
fact that the heat ti-ansmitting surface of the freezing water i» 
decreasing and tlie insulating effect of the ice forming is increasing, 
it, nevertheless, has been claimed by some that the time required for 
freezing can ice with brine at the usual temperature varies directly 
as the square of the thickness of the cake of ice. On this basis the 
relative time of freezing 6-in. and 11 -in. blocks would be as 36 is to 
121, or, allowing 50 hours for the latter, the former should freeze in 
14*9 hours. 

In 1885 Carl Linde patented an invention designed to overcome 
the objection to having to remove the agitators when the freezing of 
the blocks of ice is nearly completed, by providing suitable means 
whereby a horizontal flow of water is determined throughout the 
whole .depth of the mould from one end to the other during congelation 
by external mechanism. 



Fig. 348. — Arrangenieat of Freezing Tank on Can System, showing cause of 
Brine Foaming. 


The Foaming of Brine. 

Trouble is sometimes experienced witli brine foaming when drawing 
the ice in plants on the can system. When this foam is thick it is 
liable 4»o get into the cans when replaced in the ice-making tank and 
»poil the water for the purpose of ice-making. Foaming may be caused 
by too large a number of cans being drawn^ from the ice-making tank 
together, and the level of the brine therein consequently falling below 
tha^ of the suction to the brine pump, thus allowing the ingress of 
aii*. Fig. 348 shows the arrangement of piping in tank. 
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The Wall ob Plate Systeh. 

la the plate or wall system which was invented by Twining aiii^ 
Harrison in 1850-66, one or more hollow or cellular plates or 
walls of sheet or cast iron are fixed in a properly insulated tank, which 
^ntains the fresh water to be frozen, and a circulation of cold brine is 
kept up through these hollow plates or walls. The brine is either 
cooled in a brine-cooler or refrigerator by evaporating (^oils connected 
to the gas-pump or compressor, in the case of an ammonia compression 
machine, or to the absorber in an ammonia absorption machine, in the 
usual or ordinary manner; or the refrigerating (oils may be placed 
within the hollow or cellular walls or plates’ themselves. In a shoii 



Fig. 349. -Box or Tank for Makirig Ico on th- Plat« or Wall System. 

time ice will begin to form on both sides of the plate, and layers of ice 
become gradually built up tlioreon. To remove these layers or slabs 
of ice, the cold brine is withdrawn, and warm or tepid brme passed into 
the hollow or cellular plates or walls when the slabs are melted or 

thawed off and detachpd therefrom. 

In Fiff. 349 is illustrated an improved ice-making tank or 
the wall or plate system, also designed by Pontifex and Wo^. ^ 
construction and Jperation of an apparatus of this tj^ 
already briefly described at the commencement of this (*aptei. The 
hollow or cellular walls h, which are formed of “ 

will be seen from the drawing, fixed vertica Uy to the hollow c^ii^ 
ends of the tank A. The agitators o are similar in construction to t^ 
shown, in Fig. 246, and are reciprocated in a like manner. The cold 
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brine is circulated throu<j;h the hollow ends and hollow or cellular walls, 
and suitable coijks and connections are provided which admit, when the 
freezing is finished, of the cold brine being completely drained out of 
the hollow or cellular walls into the cold brine tank, and warm brine 
being introduced, by a small jmmp, from a warm brine tank heated by 
a coil of pipes, so as to melt or thaw the ice slabs off the walls or plates 
and leave them ready for removal. 

The hollow or cellular walls are, morejovin-, so constructed as not 
to reach quite to the bottom of the ice-making tank, and in this space 
all the impurities voided by the water settle. The freezing is gene- 
rally continued until the slabs of ice extend to within a quarter of an 
inch of the blades of the agitators, when the cold brine is shut off’ and 
turned on to another tank from which the ice has been just removed. 

The agitators are lifted out, and the slabs of ice, which when melted 
off the walls or plates are generally 14 ft. in length, 3 ft. in depth, and 
from G to 10 in. in thickness, are sawn into convenient lengths, and 
raised from the surplus water in the ice-making tank, in which they 
remained floating, by means of an overhead traveller, by which they 
are deposited, either directly into a cart for removal, or upon a plat- 
form from which they are dragged or otherwise delivered inter the ice 
store. When the slabs are detached from the walls or plates, the hot 
brine is shut off’ and completely drained out of the latter, the water 
again filled up to the usual level, the agitators are replaced, and the 
circulation of cold brine is again turned on. 

The water must be entirely run out of the tank about once every 
week, and the sediment and dirt at the bottom thoroughly cleared out. 

The most recent method adopW by the Pulsometer Engineering 
Co., Ltd., is an arrangement for the production of ice on the direct 
expansion system. In this the freezing coils are covered by two plates 
immensed in the water to be frozen, the liquid ammonia is allowed to 
expand in the freezing coils, and the ice is formed on the surfaces of 
the plates. The releasing or thawing-off of the ice is effected by allowing 
the hot ga.-! from the condenser to flow into the coils. The ice produced 
by this system is generally 8 in. thick and 8 ft. by 6 ft,, but can ea'sily 
be made up to blocks 1 7 in. by 8 ft. by C ft. 

The quality of the ice produced by this latter method is said by the 
makers to more nearly resemble the finest quality of Norway ice than 
anything else yet produced, and owing to there only being one transfer 
of heat the economy is increased. 

This system of pipes, valves, and receivers is made of wrought iron 
or wrought steel, no least iron or .cast steel being employed on account 
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of the danger involved by the use of these materials. The pipe joints 
are of an improved type, being remarkably simple and perfectly gas- 
tight. With the object of getting over the trouble caused by coil 
condensers and refrigerators becoming blocked witli oil, an arrangement 
is provided whereby the oil can easily and certainly be withdrawn from 
the machine, thus keeping the coils clean. 

An apparatus for making iv.c. on this system, invented by Mr J . H. 
Laurerison and Mr W. T. Thorne, consists in so disposing and arrang- 
ing the slabs within a tank containing the water to be frozen that 
when the refrigerant is circulated therethrough the water between 
adjacent slabs is frozen into complete blocks, instead of the ice being 
formed into blocks about and around ihe heat-exchanging units from 
whicli, after being tliawed off, the blocks have had to be disengaged by 
“barring,” the joints of the units being apt to be damaged in this 
operation and the appearanc.e and keeping qualities of the blocks not 
being so good by reason of the lioles left therein. Means are also 
provided in this invention for causing an air agitation of the water 
between the slabs and for so arranging the trunk and branch connect- 
ing pipes for the refrigerant medium to the slabs that the medium 
may either be circulated from the compressor through the condenser 
and slabs back to the compressor suction for freezing, or alternatively 
direct from the compressor outlet by a reversed flow through the slabs 
and back to the compressor suction for thawing off; or again, the 
medium after passing direct from the compi’cssor and being reversed 
through one or more slabs for thawing may be short-circuited direct 
to the normal freezing inlete of other slabs and expanded therethrough 
for freezing before finally passing to the compressor. 

The ice generally mad(' by this class of apparatus is of very 
superior quality, being of great purity, and of a most attractive, 
brilliant, clear appearance, and it is in great demand for use in 
restaurants, clubs, (fee., fetching a higher price than oth(T makes. 

There are, however, certain drawbacks to its use, the principal one 
of which is that the ice cannot be obtained in blocks of uniform size 
and weight without an expenditure of considerable labour in cutting 
them into shape. In case of any necessity for repairs arising, more- 
over, the whole of one of the ice-making tanks or boxes has to l>e 
shut off, and is thrown out of use. The plate or wall system, besides, 
i.s necessarily very slow, from the fact of the freezing process going 
on on one side only, instead of from four opposite sides conjointly, 
as in the can system, wherein the four surfaces, growing gradually 
together in the centre, finally unit^ into a solid block of ice the 
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width of the can. If, therefore, a slab or block of ice of an equal 
thickness is to be formed on a plate or wall congealing only from one 
side, the time occupied in freezing it will be quadrupled. To ensure 
the quality of the product, moreover, care must be taken to use pure 
water. Mr F. E. Matthews, dealing with this subject in Power of 
New York, says that the principal inorganic impurities to be guarded 
against are the salts of iron which give a reddish discoloration, and 
the carbonates and sulphates of lime and magnesia which produce 
a slight cloudiness. Unless large quantities of magnesium carbonate 
or carbonate of iron are present the effects of these impurities, as 
well as that of air, can be overcome by increased agitation. .In the 
case of carbonates of either magnesia or iron, increased air agitation 
may tend to increase the discoloration through the hydrating of the 
former and the oxidising of the latter. This difficulty may be over- 
come, however, by the substitution of mechanical for air agitation. 

The advantages over the can system may bo enumerated as 
follows -The ice made is, as above mentioned, of a veiy superior 
quality. The liability of any of the agitator blades becoming frozen 
in and broken off is very slight. Only the ice itself having to be 
handled, the weight to be. manipulated is considerably reduced. The 
ice-making tanks can be shut off when the ice is finished, and left until 
it is convenient to remove the ice, thus admitting of night-shifts of 
labourers l)eing dispensed with. Owing to there being no parts, like 
the movable cans or moulds, liable to rapid deterioriition, less expendi- 
ture on repairs is required. No possibility exists of the brine solution 
being weakened by the accidental spilling of water into it, as in the 
former system. 

The Stationary Cell System. 

Transparent ice is also formed in deep cells provided with agitators. 
In the latter case* a number of cellular or hollow walls of wrought or 
cast iron are fixed in a suitably insulated tank or cistern, the water 
to be frozen being placed between these walls, and the refrigerated 
brine cyculated through the hollow walls of the cells therein. The ice 
gradually forms on the outside, and increases in thickness until the 
two opposite layers meet and join, but the freezing may be stopped 
at any time and the ice removed. This latler operation can be very 
conveniently effected by passing brine at a higher temperature through 
the cells. 

^ ..The stationary cell system,^ when employed to make clear or 
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transparent ice without agitation, or using water that has been 
deprived of 'its air, consists of a number of shallow pan-shaped cells 
having hollow walls, through which a circulation of cold brine is kept 
up. The ice is removed therefrom as in the plate or wall system. 

The plan wherein stationary cells ai‘e employed consists in the 
provision of fixed or stationary shallow pans or moulds having hollow 
walls, the intervening spaces being open at the top. These cells or 
moulds are filled with water, and a circulation of cold brine is passed 
through the hollow walls and the water frozen, after which the 
cold brine is stopped off and completely drained out of the hollow 
walls, and warm brine is caust‘d to circulate therethrough, melting 
or thawing off and loosening the blocks, which can then be easily 
removed from the cells or moulds, which are then refilled and the 
operation repeated. In this system an entire tank has to be emptied 
at once, as in the plate or wall system; therefore, in order to make 
the operation continuous, at least two tanks must be provided. 

If the cells are constructed deep in proportion to their width, that 
is to say, substantially similar in form to the moulds or cases used in 
the can system, then the freezing or congealing of the water will be 
as rapid as in the latte r, but agitation, de-aerated water, or other means 
will have to be used if crystal ice is required. If, however, they are 
made shallow, and pan-shaped, then the freezing being almost entirely 
done from the bottom will be extremely slow, as it is in the plate or 
wall system, where the formation of ice is also elfected upon one 
side only. 

The advantage of forming the cells shallow is that clear transparent 
crystal ice can be made in them without agitation or using water for 
freezing that has been de-aerated or deprived of its air. The slowness 
of freezing is, howev(U’, on the other hand, a great drawback, and is 
the chief objection to the use of the shallow stationary cell system ; 
as the congelation of a block of ice on this plan, of equal thickness 
to one formed in a deep can or mould or in a deep stationary cell, 
takes about four times as long, it is evident that the apparatus 
requisite for an eijual output must become cumbersome and expensive. 

Fig. 350 is a perspective view showing a Pontifex-Wood patent cell 
ice-making tank or box, the main novel feature in which is the arrange- 
ment of the agitators externally to the spaces where the blocks or .slabs 
of ice are formed. The apparatus consists in a tank a, with a gal- 
vanised wrought-iron hollow or double bottom, two galvanised cast- 
iron hoi low cross walls or partitions i, and a number of short galvanised 
cast-irejn longitudinal hollow walls J, ^xed at right angles to the cross 
3 # 
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wallfe, and so that there is a space or clearance left between their 
adjacent ends in the middle of the tank, and between the other ends 
and the extremities of the tank, in which open spaces are placed the 
agitators c. The movements of the latter give an impulse to the 
water, causing it to rush in waves between the longitudinal walls and 
wash out all the impurities thrown off or voided by the water during 
the freezing process, which impurities settle at the bottom of the open 
spaces. In this arrangement the two layers of ice, gradually growing 
in thickness between each two longitudinal walls, at last meet and 
freeze together, so as to form a solid block or slab of ice of a given 

size and weight. ' 

To remove the blocks of ice they are first loosened or melted oil 



Tig. 350. -“Pcntifex-Woo<l Cell Ice-making Tank or Box. 


in' a similar manner to tliat employed in the ordinary plate or wall 
system, after which they are gently started away from the cross walls 
to enable the ice^grips to grasp each end, or have loops frozen in, and 
are then lifted out by an overhead traveller in tlie usual way. 

The only ones of the hereinbefore-mentioned objections to which 
this arrangement seems open are that when an ice-making tank or box 
' is in need of any repairs it has to be completely shut off, and the capa- 
<^y of the apparatus is thus reduced for the time being, and, owing 
to the space occupied by the agitators being lost for ice-making 
purposes, the size of the apparatus required for a given output has 
naturally to be somewhat increased. 

The advantages claimed by« the inventors are as follows The 
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blocks of ice are produced of a uniform size and weight, and are 
convenient to manipulate, load, and pack. The ice is (^f superior 
purity and appearance, and the slabs are of great thickness and 
durability.. There is no liability to breakage of any of the blades of 
the agitators. There are no cans or moulds to handle or repair. The 
walls are fixed, and the general arrangement is of very great strength 
and practically indestructible. Only the actual ice itself has to be 
handled, therefore less weight has to be moved in comparison with the 
can system. No cutting up and consequent waste or weighing of the 
ice is required, as in the wall or plate system. When an ice tank or 
box is finished, it can be shut off by simply turning the cocks and left 
till it is convenient to remove the ice. Thus all the tanks or boxes 
can be set so as to be completed during the day, and no night-shift of 
labourers is required. And, finally, the we ter cannot spill into the 
brine and weaken it, as it does in the can system, unless considerable 
care be exercised. 

The sizes of the blocks of ice made in these boxes run from 3 ft. 
6 in. by 3 ft. in. by 0 in. in thickness up to 3 ft. 6 in. by 3 ft. 6 in. 
by 1 ft. 9 in. in thickness, and the weight likewise varies in a corre- 
sponding ratio from about 4| cwt. up to lOJ ewt. each. Very 
thick blocks are not, however, found to be commercially successful, 
inasmuch as they take too long a time to freeze or congeal. 

Where clear ice is required in blocks of, say, 5 cwt., the Pulsometer 
Engineering Co., JAd., use a special form of tank, composed of hollow 
cells forming squares the size of the blocks required, the water in 
which is agitated during freezing. - Tlie result is a block of ice almost 
peifectly clear and weighing about 5 cwt. 

As in the ordinary wall or plate system, every plant working with 
the above-described ice-making tanks or boxes, in order to render the 
process continuous, must have a set comprising two or more of the 
latter. Thus a 4-ton plant has two Ixixes, a 6 -ton three boxes, a 9-ton 
three boxes, a 15-ton either three or four boxes, and a 24-ton either 
six or eight boxes. ^ . 

Miscellaneous Akuanoements for Making Clear oh Crystal 
Ice by Agitation. 

Hill’s method of making clear or ciystal ice (British Patent No. 
16253 of 1889) is shown in Figs. 351 and 352, which represent respec- 
tively a plan of the ice-making tank or box partly in horizontal section 
and with the lid or cover removed, aijd a vertical section on the line 
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x-x of the previous figure. The apparatus comprises a vessel or tank 
p, which is provided with a lid or cover (Fig. 352), and vdth a jacket 
or easing (^, the intervening space between the jacket or casing and 
the tank p being filled with any suitable non-conducting niaterial as 
at When clear ice is to be made, the liquid to be frozen is con- 



Fig. 351. — Hill's MethcKl (jf Making Clear or Crystal loo. Flan ol Ikjx or Tank. 

tinuously circulated in the vessel or tank p by means of a rotating 
screw K or other suitable device. Into the vessel or tank p project 
freezing' vessels or chambers s, so that the water in the vessel or tank 
p will be frozen on the exterior of the chambers s, and the hollow 



Fig. *852.— -Hill’s Method of Making Clear or Crystal Ice. Transverse Section 
on line x-Xy Fig. 351. 

blocks of i6e thus formed can be very readily removed therefrom. For 
this latter purpose the chambers s are made slightly conical or taper 
from their outer to their inner ends, and rings are fitted loosely » 
thereon to further facilitate the removal of the hollow blocks of ice. 
Either , the direct expansion sor brine circulation may be used freez- 
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ing purposes. In the first case the liquid ammonia is forced into the 
chambers s through a pipe and is then allowed to expand and return 
to the absorber of an absorption machine, the weak licpior, which can- 
not be vaporised without tin* application of heat, being allowed to 
return to tlu^ ammonia boiler through a pip(^ In the second case 
bi*ine reduccMl to a very low temperature by any suitable process is 


X' 



Fig. 3r)3.-— Modified Arrangement of TTiirs Method of Making Clear or Crystal 
Ice. Horizontal Section. 
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Fig. 354.— Modified Arrangement of Hill’s Method of Making Clear or Crystal 
Ice. Transverse Section on line w'-x', Fig. 353. 


caused to circulate through the chambers s for the further purpose of 
freezing the water on the exterior thereof. 

To ensure the proper circulation of the water to be frozen in the 
vessel or tank p, partitions t are provided in the latter, which are so 
arranged that they can be readily removed to permit the withdrawal of 
the hc^l(iw blocks of ice from the chambers s, 
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In another arrangement, shown in horizontal section in Fig. 353 
and in vertical transverse section on the line x-x' of the latter in Fig. 
354, a series of the freezing chambers a at each side of the tank P are 
provided, leaving a apace between them of slightly greater length than 
the blocks of ice to be produced, so that the blocks from one series 
of chambers can be first removed and then those from the other series, 
and space in the ice box or tank is thus economised. Several rows or 
series of the freezing chambers placed one above another in the freezing 
or ice vessel or tank may be employed as shown in Fig. 354. 

Figs. 355 and 356 show in plan and elevation the Haslam patent 
air agitation ice-making plant. A is an air compressor of the water 
displacement type which works without oil or lubricant, and partly 
cools the air during compression, n is a surface cooler further cooled 
by water round- the tubes, c are similar coolers using brine as the 
cooling medium, by means of which the air is cooled almost to the 
temperature of the brine in the ice tank. The cooling causes the 
moisture in the air to condense on the surfaces, and this avoids freezing 
up the pipes which conduct air to the ice moulds or cans, d is a small 
pump for circulating brine through the coolers c. The moisture in the 
air is deposited on the cooler tubes, making a formation of hoar frost. 
This would, in time, cause an obstruction to the passage of the air, but 
by a simple arrangement of change over valves the coolers c are used 
alternately, so that one cooler is thawing off whilst the other is in use 
for finally cooling the air. The cold dry air enters at the bottom of the 
cans by a specially constructed nozzle, and this produces the desired 
agitation of the water to be frozen. E represents the ice-making tank 
yith its cooling coils and moulds. F is a tank containing tepid water 
into which the ice moulds are' dipped in order to free the blocks, and 
G is the can tip for discharging the ice on to the platform. The ice 
cans are lifted out a row at a time by an overhead travelling crane. 
When a row of cans is filled with water and placed in the tank, all 
that has to be done is to connect a rubber hose with the main and 
open the air valves. 

An* apparatus for making transparent ice, invented by Mr R, J. 
‘Berrjrman, Washington, U.S., consists in a tank having receptacles 
paitly submerged in a fluid cooled by refrigerating pipes or hollow 
plates. The freezing action is stopped before the water is completely 
llos^n, and the receptacles are subjected to the action of a thawing 
i^aedium without being removed. Air or ozone is discharged in jets 
froin pipes arranged longitudinally in the containers so that the inside 
lao^ of the plates of ice are straight and parallel. The ,VLtSrozm 
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the necessajy directions, shields or guards o lieing fixed above the 
water level to prevent the latbu* from splashing out of the can or 
mould B. 

In the* illustration the pump n is shown arranged viu-tically, but 
it can also be fixed to work horizontally. 

The second arrangement of pump agitator illustrated in Fig. 359 
has the refrigerating tanks placed in series in such a manner that the 
briiK' can pass from one to the other through the passages provided 
for that purpose. Tlie pump n is sliown at tlu; right-hand side of the 
figure, and consists of a barrel and plunger or piston worked ofT a 
crank. Th(‘ water is forced by this pump at each downward stroke 
of the plunger along a channel or passage beneath the moulds or cans 
B, atid passes up th(‘ latter through holes or apertures b, provided in 
their bottoms. 



Mg. 359.— Arrangoniont tor AgiUtion of Water la fixed Ice Cans by means of a 
Plunger or Pistim J‘ump. Vertical Longitudinal Section. 

On the completion of the congelation of the water in the moulds, 
the cold brine is drawn ofi from the tank, and warm water or air 
is introduced through suitable pipes, .so as to thaw off the blocks 
of ice, and admit of their withdrawal. The moulds or cans are con- 
nected together by tie-bars, and a number of them are arranged in 
one frame. " 

In anothtu' arrangement shown in Fig. 360, in which the water in 
removable moulds^ or cans is agitated by the action of pumps, the 
moulds B, which are of thin sheet metal, and arranged transversely 
in a brine tank a, are each divided by a non conducting partition into 
two compartments communicating through suibible openings. The 
larger of these compartments is that in which the water is frozen, the 
smaller one forms a pump barrel n, and in it a piston or plunger 
is reciprocated. The plunger rods 'are coupled to a bar arranged 
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longitudinally, its ends working between suitable guides, .and an up- 
and-down motion is imparted to it from a rocking shaft q. 

Figs. 361, 362, and 363 illustrate types of pump or piston agitators, 
in which the water in the tanks themselves is intended to be frozen, no 
separate ice cans or moulds being employed. In the first arrangement 
(Fig. 361) the tank A, containing the water to be frozen, is fitted with a 
second bottom as broad as the ttink, but with a clearance, as shown 
in the illustration, which represents a longitudinal vertical section 
through it at each end. In the clearance between the two lx)ttoms of 
the tank is mounted an agitator r, as broad as the tank A, and to 
which reciprocating motion is imparted by connf'cting-rods from cranks 
on a rocking shaft Q. The freezing is effected by narrow longitudinal 



Fig. 360.— Arrangement for 
Agitation of Water in Remov- 
able lee Cans or Moulds by 
means of Plunger Pumps. 
Transverse Section. 



Fig. .361. — Arrangement for Agitation of 
Water to be frozen in Ico-raaking Tank or 
Box by Long Horizontal Agitator. Trans- 
verse Section. 


brine cells .f^, sus^nded from the edges of the tank at their upper 
ends, and resting on the second or false bottom at their lower ends. 

These brine cells are alternately connected at the ends through unions, 
or tubes, in such a manner as to admit of the brine being passed 
tiirough‘ the whole series, a four-v/ay cock supplying or withdrawing it 
ill either direction to other tanks or to the refrigerator. 

Steam can be passed through the cells to admit of their removal 
after feezing is completed. : 

' In the arrangements shown in Figs. 362 and 363, pump chambers 
and plungers or pistons are employed, that in the first being ^ v 
arranged vertically at the side, and that in the second horizontally * 
teneatb the tank a. The plunger or piston-rod is so mounted* as to ^ i; ^ 
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tiave a certain movement in the plunger or piston, so that, on the 
lip or backward stroke of the latter, it will operate to open a valve and 
admit of the water passing through, whilst on the downward or forward 
stroke it w‘ill, on the contrary, close the valve so that the water will be 
driven through the openings. In this arrangement it will be seen that 
the water is only driven in a downward or one direction, but it can be 
also so arranged as to drive it in an upward or in both directions. The 
piston or plunger-rods in both arrangements are operated by bell crank 
levers s. Several of the above cuts are reproduced from articles by 
the author which appeared in Modern Machinery^ of Chicago. 


s 



Fig. 1362. — Arrange- 
ment for Agitation of 
Water fto be frozen in 
Ice-making Tank or Box 
by moons of Vertical 
Plunger Pump. Trans- 
verse Section. 



Fig. 363.— Arrangement for 
Agitation of Water to be frozen 
in Ico-making Tank or Box by 
means of Horizontal Plunger 
Pump. ^3, Transverse Section. 


Mr T. B. Lightfoot designed and patented in 1885 a combined 
refrigerating and iee tank in which the cans or moulds are arranged 
loetween coils or pipes, througli which a vaporis^ freezing medium is 
caused to circulate, the moulds or cans said pipes being surrounded 
by brine or other uncongealable fluid not mechanically circulated. 

The Holden System of Ice-Making. 

A system of idh-makiug which is used to a considerable extent 
in the United States is that invented by Mr D. L. Holden (who may 
be said to be one of the pioneers of the ice-making indurty m that 
country), which he terms the “regealed ice machine.” The m^hod 
of pn^ure is substantially as follows:— The cold is obtained by 
the eipansion of the liquid ammonia. Centrally, in a water tank « 
TO^rvSir, is located a horizontal mfetal cylinder, the extremities 4 
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longitudinally, its ends working between suitable guides, .and an up- 
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brine cells .f^, sus^nded from the edges of the tank at their upper 
ends, and resting on the second or false bottom at their lower ends. 

These brine cells are alternately connected at the ends through unions, 
or tubes, in such a manner as to admit of the brine being passed 
tiirough‘ the whole series, a four-v/ay cock supplying or withdrawing it 
ill either direction to other tanks or to the refrigerator. 

Steam can be passed through the cells to admit of their removal 
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' In the arrangements shown in Figs. 362 and 363, pump chambers 
and plungers or pistons are employed, that in the first being ^ v 
arranged vertically at the side, and that in the second horizontally * 
teneatb the tank a. The plunger or piston-rod is so mounted* as to ^ i; ^ 
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eiigiiKi cylinder, it rnusl be deprived of this Inifore being thus used. 
This is very easily accomplished by passing the exhaust steam through 
steam-til tors of very simple construction, and after the steam has been 
thus tilterQd it is condensed, and the resultant water is again thoroughly 
filtered so as to as completely as possible deodoris(i it. The can ice 
produced from this de-aerated or air-freed water still contains a very 
thin stiutum or core of porous ice in the centre, but it is insigniticant 
and not sufficuuit to injure the appearance of the blocks to any appre- 
ciable extent. 




Fig. lilio. - Abii’tical Section. 

Oil Separator and Oundeiiscd Water-Cooler, Triumph Ice Machine Co. 

The Klein oil separator or collector consists of a number of dished 
perforated plates set wgzag fashion in a cylindrical or a rectangular 
casing. The Triumph Machine Co.’s oil separator and condenser 
water cooler is shown in plan and vertical section in Figs. 364 and 365. 
The distilled water runs round one channel, formed with corrugated 
walls, whilst the cool water i>asse8 in the opposite direction. This 
corrugated construction gives a very large amount of cooling surface 
whilst occupying a comparatively small casing. 

Fi^. 366 is a diagrammatical vie^ showing an apparatus employed 
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by the j^rick Company for making distilled water from the exhaust 
steam from the driving engine. 

Another method of utilising the exhaust or waste steam for de- 
aerating or producing water freed of its air by employing it for the 
evaporation or distillation of other water in a suitable still or apparatus, 
as, for example, a triple-effect distilling apparatus, or in a single-effect, 
or, for very large plants, a multiple-effect evaporator of the Yaryan 
type. 

The operation of the ordinary type of triple effect is shown in the 
diagram. Fig. 367. 

The triple effect, which is a modification of a vacuum pan, or rather 
a modified arrangement of vacuum pans, i.s the invention of Mr Rilleux, 
a Franch gentleman, and was primarily intended for use in factories 
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Fig. 366. — Api)aratus for Making Distilled Water from Exhaust iSteam. Frick 
Company. Diagrammatical View. 

making beetroot sugar. Doubje-effect apparatus of this type is also 
constructed, and in some instances the number of effects is increased 
to four (quadruple effects), which is the usual limit in this system. 

In the diagram^ A, Ah a^ indicate the three pans or vessels forming 
the effects, in the upper parts of which are spaces to receive the steam 
or vapour evaporated, and the lower part of each pan or vessel beiijig 
fitted with two tube plates or diaphragms, which are set with suitable 
tabes c, to allow the water to be evaporated to obtain access and to 
circulate below the lower tube plate and above the upper tube plate j 
and the space between these tube plates and round the exterior of the 
tubes* constitutes the calandria or heating chamber b. 

The upper portion of the pan or vessel a is connected with the 
bating space or calandria of the pan or vessel and the upper portion 
of the flatter is cono6<]^ with the beating s^pace or calandria of the 
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pan or vessel a‘^ by means of pipes b, fitted with safes or traps Eb and 
the upper portion of the pan or vessel is connected through the pipe 
E with a condenser. 

The lower or water spaces of the pans or effects are connected 
together by pipes f. 

The calandria of the pan or vessel a is heated by either waste steam 
or of live steam delivered through the pipe whilst the steam or 
vapour evaporated from the water in the pan or vessel A is employed to 
heat the calandria of the pan or vessel a^ and that from the latter the 
calandria of the pan or vessel a'-^, the sttjam or vapour evaporated from 
the water in the latter passing to the condenser through the pipe E. 



Fig. 367.— Diagram Illustrating Operation of Triple-Effect Evaporating 
Apparatus. 


It will thus be seen that the second effect or pan foinis a condenser 
to the first, and the third a condenser to the second, the third being 
in connection with a surface condenser, which may be employed to heat 
the feed’Wat^, and thus form a heat interchanger. 

The condensation water from the calandria of the first pan or 
effect A is delivered by the steam pressure into a hot well, that from 
th^ calandrias of the second and third pans, as well as that from the 
surface condenser connected with the latter, ns delivered by suitable ‘ 
pumps into the distilled-water receiver, h is a pipe for charging 
the apparatus with the water to be distilled or evaporated, i is a pip© 
oonnkjted by branches to a well in the bottom of each pan. l is a 
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pipe connecting the upper part of the heating space of the calaiidria 
li of the second pan with that of the third pan A-, G^ns a pipe by 
which the water resulting from cond(uisation in the calandria b of the 
first pan a is discharged into a liot well ; and are pipes by which 
the condensation water from the calandrias n of the pans A^ and a^ is 
delivered to the distil led -water receiver, l- is a pipe for i-emoving the 
excess of va})our from the calandria li of the third pan a‘^. 

The vacuums maintained in the three vessels or efiects a, a^ a^ 
will be res[)ectively about 4 in , 1 1 in , and 24 in., and the tempera- 
tures, taking the vessels or etfects in the like order, will be about 
200“, lb0“, and 130“ Fahr. 

Tt will be seen that the economy of the triple-eftect apj)aratuH 
is duo to the fact of its being largely self-healing, as the calandria 
of the first vessel or effect is the only one heated by extraneous means, 
the calandria of the second effect being heated by the latent heat 
of the steam or vapour from the boiling water in the first effect, and 
the third effect being heated from that of the second effect. Thus, 
neglecting the loss of heat due to radiation, a double effect is twice, 
and a triple effect is three times, as economical in steam consumption 
for heating purposes as a single effect. 

The Haslarn distilling apparatus is construcUxl upon the. triple- 
effect principh;, and comprises a first boiling pan, a second boiling pan, 
a condenser, a feed-water heater, and a distilled-water receiving tank 
or vessel. When no exhaust or waste steam is available the plant also 
includes a suitable steam boiler. 

Fig. 308 is a perspective view, partly in section, illustrating a 
complete single-effect distilling apparatus of the Yaryan type, which 
is made in various sizes, adapted to produce from 3 tons to 48 tons 
of distilled water per twenty-four hours. The apparatus consists 
essentially of a cylindrical evaporator, having a horizontal body or 
shell of wrought'iron, with a separator similarly constructed at one 
end, and a number of straight, solid-drawn tubes (according to the 
capacity of the machine) so fixed in tube plates provided at both eijids 
of the shell or body as to be capable of being readily withdrawn when 
necessary for cleaning purposes. These tubes are connected at their 
ends by return heads, so as to throw them into sets or series, thus 
practically forming coils of pipe of any desifed length. The water* to 
be distilled is passed through these coils or sets of pipes, the exhaust 
steam being admitted to the space round them, and the steam or 
vapour from the evaporating coils passes through the separating 
chamber, which is fitted with baffle or check plates, one of which is 

* 4 
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The distinctive feature of this system is ftlm evaporation, that is, 
the blowing of the whole mass of the liquid to be evaporated into spray, 

• -9 
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and its rapid motion through the sets or series of tubes during the 
process. This latter point is of great importance, and is the chief 
reason of the great efficiency of this type of apparatus. The result is 
due to the fact that there is a very considerable gain in absorption of 
heat by the liquid under treatment as its velocity increases, owing to 
the fact that new particles of the liquid are being constantly brought 
into contact with the heated surfaces, and naturally the more rapid its 
motion over the latter the more frequently will this occur. 

When in operation there will be a vacuum of from 12 in. to 15 in. 
in the separator, and the steam pressure in the evaporator should be 
about 15 lbs. per square inch ; the latter may, however, be increased to 
about 40 lbs. per square inch. 

The feed taken from the circulating discharge is usually drawn 
into the tubes by reason of the vacuum in the separator. If, however, 
condensation is carried out at atmospheric pressure, it is forced in 
owing ^ the head of water due to the height of the circulating dis- 
charge or to a loaded valve. 

The advantages of a triple-effect or an apparatus of this type for 
producing pure distilled water for ice-making, are obvious, inasmuch as 
it admits of its being obtained free from the slightest trace of oil by 
the use of exhaust or waste steam only, and that without any necessity 
for filtering. The dispensing with filtering is of some importance, as 
each time the distilled water is passed through a new filter it takes up 
a considerable quantity of air, and consequently until all the air has 
become expelled from the filter the water is in no way superior to 
ordinary undistilled water, and the ice made from it is opaque and 
porous. The condensed exhaust steam, after having performed its 
duty in the evaporator, may be either run into a hot- well to be used for 
boiler-feeding purposes, or ii may be run to waste. 

Fig. 369 illustrates one of the Mirrlees, Watson, & Yaryan Co.'s 
larger forms of ‘distilling apparatus, which is suitable for installations 
turning out considerable quantities of ice per twenty-four hours. As 
will be seen from the drawing it is a sextuple or six-effect apparatus. 
On Jbhe right are situated the air, circulating, brine, fresh water, and 
feed pumps, which are all driven off one engine, and are, with the 
latter, the only moving parts. Next is placed the distilling condenser 
(between- two heaters in which the feed-w;ater becomes partially heated 
dta its way to the evaporator) ; and, finally, on the left, six separators 
placed in a vertical column, with the corresponding six effects arranged 
horiaontally in the rear, 

'Jn operation there will be a pressure of from 40 to 60 lbs. in the 
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first eflfect and a vacnuin nf about 27 in. in the distilling condenser, 
L apparafc being so proportioned that tins P™ 

will distribute itself automatically between the several effects. The 



feed for the evaporator being taken from the circulating water of 
the (Jistilling condenser, a certain amount of heat, which would other- 
wise be,rejected, is utilised at the very.cMnraencement of the operation, 
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and the efficiency of the apparatus is further increased and heat econo- 
mised by a multiple-effect system of heating the feed befbre reaching 
the evaporating vessel. The first stage of heating the feed referred to 
is effected by exposing it to the vapour ^iven off by the wgter evapo- 
rated in the last effect while this vapour is on its way to the distilling 
condenser, and then to the vapour from the several effects constituting 
the evaporating apparatus, until it receives its final increment of heat 
from the steam employed to heat the first effect, into which the feed 
enters at or about the boiling-point of that effect. 

The feed entering the first, passes down through all the effects of 
the apparatus. The water resulting from the condensation which takes 
place on the different heating surfaces, together with that from the 
last effect, being eventually delivered as cold distilled water. Usually 
the water resulting from the condensation of the steam employed to 
heat the first effect is separated from that produced in the remainder 
of the apparatus, as being likely to be slightly contaminated, and is 
reserved for feeding the boiler supplying steam to the apparatus, pump- 
ing engines, ttc. In the number of effects used in combination with 
the system of evaporating water in continuous motion depends the 
great economy of fuel which is obtained in aj)paratus of this type. The 
only labour required in connection with the apparatus is that fon stoking 
the boilers, and the necessary attention to the feeding of these and to 
the working of the pumps. All parts of the apparatus are readily 
accessible, hinged doors at the end of each effect giving easy access to 
the interior of these for cleaning purposes when required. 

An exceedingly compact and efficient form of portable Yaryan 
distilling apparatus has also l>een designed by the same firm, which is 
entirely self-contained and^ is easily movable, being mounted upon an 
independent carriage supported upon strong iron wheels. The appara- 
tus comprises two Yaryan evaporators arranged to work as a double 
effect, a distilling condenser in connection therewith, a suitable feed- 
water tank, a pump for feeding the water to be distilled through a 
heater into the first effect or vessel, and a tail or circulating pump for 
condensing the steam given off from the second effect or vessel’ in the 
distilling condenser. The steam required for working the apparatus 
is supplied from a portable boiler fitted with a donkey feed-pump, &c., 
and also mounted upon iron road wheels,- 

^ The advantages of a portable distilling apparatus capable of being 
shifted with great facility from one source of water supply to another, 
or to any desired location in the works, are obvious. And the com-* 
p§ctness of the installation re;jders it very easily manageable, one 
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skilled attendant and a boy being sufficient for a machine having a 
capacity to produce 85 gals, of pure fresh water per hour from strong 
brine averaging twice the density of ordinary sea water. Exhaustive 
tests proved most conclusively that the efficiency of the plant was 
fully equal at the termination of each run to what it was at the com- 
mencement, which abundantly demonstrated the self-cleaning powers 
of the apparatus when treating water so strongly charged with salts. 
The evaporative duty was 4| lbs. of water per pound of common wood 
fuel ; with coal, however, the duty would bo about double per pound 
of coal consumed, and naturally when treating impure water of less 
density than the brine, or comparatively pure water for de-aerating 
purposes, the amount of pure de-aeratod water obtained per pound of 
fuel consumed would be proportionately larger. 

In the case of a single-effect distilling apparatus the above fuel 
consumption would be doubled to produce tiie same amount of distilled 
water, and the more effects that are employed up to a certain point the 
greater the economy, a six-effect apparatus being found capable of 
producing 30 lbs. of pure distilled water for each pound of fuel con- 
sumed, that amount being over and above what was evaporated in the 
boiler which was retu"ned to tlie latter. 

It obviously, therefore, advisable, wherever the demand for the 
de-aeratod water warrants it, to employ a multqde effcct distilling 
apparatus.* 

In most factories however, the exhaust steam from the engines 
will be available for use in the apparatus, and the expenditure on fuel 
for raising steam, specially for use in the evaporator, will thus be saved. 

The evaporator should be opened every two or three weeks, and if 
scale is found on any of the tubes, these should be withdrawn and 
clean ones inserted in their place. The best means to employ for 
removing the scale from the tubes is to pass them over a slow fire, care, 
however, being taken not to apply more heat than is necessary to bring 
off the scale. 


Vacuum System of Ice-Making. 

The method of making ice without the use of either a primary 
or secondary cooling agent, that is to say, by freezing the water in 
vacuo, has been already dealt with when describing the Carr^ Wind- 

* A detailed description of the larger forms of multiple-effect Yaryan 
evaporator with reference to their use for the evaporation and concentration of 
saccharine juices and solutions, will be found in a treatise on ** 8ugar Machinery ” 
by the same author. 

9 ^ 
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hausen, Harrison, and other vacuum machines. Briefly, the principle 
upon which they work is that if water be exposed in a practically per- 
fect vacuum it is rapidly turned into vapour, and this change requiring 
a large quantity of heat which must be provided by the water itself, 
that portion of the water which is not vaporised becomes frozen solid. 
As already mentioned, however, the ice thus made is more in the form 
of granulated snow, and, being brittle, charged with air, and possessing 
no durability, it is practically of very little or no market value. 

Imitation of Natural System. 

In another system, wherein an imitation of the natural process is 
attempted, the water to be frozen is exposed in well-insulated rooms 
or chambers to a temperature far below freezing-point. This plan, 
however, is not found to answer commercially owing to the extreme 
slownes^ with which the freezing or congealing of the water is effected, 
by reason of the low specific heat of air and its poor capacity for con- 
duction, a fault which cannot be got over even by increasing the 
cooling surfaces of the rooms to an abnormal degree. 

IcB Factories. 

A factory for making ice consists of more or less solid buildings in 
accordance with the particular regulations of the locality, capital at 
command, kc. Fig. 370 shows an arrangement of the ice-tank or 
box-room, but in addition to this the factory will comprise a machine- 
room, boiler-room, ice store, oftices, loading platforms, &c. 

The arrangement shown in the drawing is intended for making 
ice on the can system, and the ice-boxes are precisely similar to those 
previously described. Above the ice-boxes is provided a travelling 
hoist or crane, by means of which the cans or moulds can be con- 
v&niently raised one by one from the ice-boxes, when the water in 
the cans has been frozen, and transferred to the platform shown 
on the right-hand side of the drawing. On or beneath this platform 
ore provided a suitable number of thawing or relieving tanks filleii with 
wonn or tepid water at about 70° Fahr., and into this the can or 
mould is dipped for a few seconds, after which the block of ice can 
be readily: turned out on a tip-table, and the can or mould is again 
Med with water and returned into the brine-tank to recommence freez- 
ing, The ice blocks or cakes are in some instances turned out of th^ 
,^s or moulds at,, or delivered to, the upper end of ah inclined plane 
Or runway, down which t^oy pass to the ice-store, or ante-c];Lamber 
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leading thereto. The waste-water tanks, &c., are located beneath the 
ice-making tanks or boxes. 
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Pulao’Tieter Engineering Co., Ltd. The mechanism for raising the 
slabs or blocks of ice from the ice-tanks or boxes is clearly shown 
in this illustration. 

Figs. 372 to 374, 375 to 377, 378 to 380 arc suggested^ plans by 
the Frick Company f(jr can-ice factories, respectively of the following 
capacities : 6 to 10 tons, 30 to 35 tons, and 100 tons. The arrange 
ment of these factories is explained by the writing upon the drawings. 
Figs. 381 and 382 is a plan of a model ice factory by the Triumph Ice 



Fig. 871. — Ice-Tank or Box-robm of Ice Factory on the Plate or Wall System, 
showing Mechanism for Raising 81abs or Blocks of Ice. 


Machine Co. Figs. 383 and 384 show in plan and sectional elevation 
a 5‘ton ice factory on the can system, designed by the Vulcan Iron 
Works. And Fig. 385 is a sectional elevation showing an ice factory 
on the “ Eclipse ” can system as constructed by the Flick Company. 
These three drawings are also self-explanatory. 

^ Ice Elevating and Conveying Machinery. 

As has been already mentioned, numerous contrivances for mini- 
noising the work of handling the cans or moulds and the blocks of ice 
bfive been devised. 
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Puplett and Rigg’s patent of 1887 comprises an arrangement for 
facilitating the lifting of the cans or cases, and removing the ice This 
labour-saving contrivance consists in an apparatus for connecting two 
or more of the cans, moulds, or cases together, and comprises a frame 
which is provided with trunnions or gudgeons, so situated as to be 




Figs. 378 to 380. -“Frick Company Arrangement for Ice Factory of 100 Tons 
Capacity. Plan and Sectional Side and End Elevations. 


slightly above the centre of gravity of the cans or moulds, At one 
end of each of these frames a quadrant, worm and worm-wheel, or some 
other convenient means are provided for enabling the frame and 
mp’dds therein to be inclined to any required angle. To admit of the 
fram<!|j being raised from the ioe-making tank or box by the overhead 
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traveller the latter is fitted with links adapted to engage with the 
above mentioned trunnions or gudgeons. The frame and moulds or 




cans being nearly balanced on their trunnions, the labour of discharg- 
ing the ice therefrom is greatly reduced, and the operation is moreover 
considerably expedited. The (quadrant or worm gearing is usually 
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so arranged as to engage with a suitable device fixed on to the links of 
the overhead traveller ^ but mechanical contrivances can be dispensed 
with and the frame containing the moulds tipped by hand, which 
operation,^ owing, as above-mentioned, to its being almost balanced, 
can be so accomplished without any difficulty. 

Fig. 386 is a truck ice-can hoist for use with very small ice-making 
plants. Fig. 387 is a travelling crane, and geared hand-power ice-can 



Figs, .383 and 384. —Vulcan Iron Works Arrangement for a 5-ton Ice Factory 
on the Can System. Plan and Sectional Klevation. 


hoist by means of which one man whilst on watch can take care of 
from ten to fift<!en cans per hour. And Fig. 388 is an electric crane 
for use in connection with large installations, and which is capable 
of handling any desired number of cans. The above appliance is 
constructed by the Frick Company. 

Fig. 389 represents an automatic ice-dump made by the Triumph 
Ice Machine Co. The box is made of ®teel, reinforced by 

* t • 
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S t)y i in. iron. Tho valve and shaft are bolted on this box with 
a heavy flange. The stands carry the bearings and box, and are bolted 
to a castdron waste box, there being no wood about the box to decay 
or give way. 

The operation of this dump is as follows, viz. ; — ^The box being in 
a vertical position to receive the can, the small lever at the bottom can 
be operated by the foot so as to give the dump a slight tilt toward 
the front, when the dump will go over slowly and turn on the warm 
water automatically, while same is turning down in position to dump 
the ice. The water strikes all sides and under the can. The valves 


are so regulated that the bottom of 
the can will receive the most water, 
thereby melting the ice away from 
that part. The weight of the ice 
starting, the cake will then fall on 
the bottom of the can, and the air 
will rush in over the top of the ice, 
forcing same out of the can. 

Fig. 390 shows the Vulcan Iron 
Works track bjstera. The rail in 
this ag'angement is supported during 
the throw of the switches, so that no 
abnormal strain can come upon the 
hinge or joint, and the latter cannot 
be broken off if the switch be left 
open. The rail is furmed of 2J in. 
by J in. iron, and the hangers arc so 
constructed that any portion of the 
rail can be secured to the hanger 
without drilling. 



Fig. 386. —Frick loe-Can Hoist for 
use with Small Ice-making Plants. 


These switches are made two, three, and four throw. 


Ice-delivery machines and other labour-saving appliances are also 
manufactured by the Pulsometer Engineering Co., Ltd., and others. 

Whatever the afrangement, however, for drawing the ice, one thing 
is absolutely necessary to ensure economical working, and that is the 
strictest regularity. H is, of course, understood that the machinery 
should also be kept working at as uniform a speed as possible, and that 
all temperatures should be maintained as normal as practicable. 

Suitable ice elevators or hoists are also required for raising the 


blocks of ice from one level of the factory to another. Amongst 
namerpus devices for this purpose, mention may be made of the 
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following, viz., that wherein an endless chain, pi-ovided with hooks, is 
employed ta grab the blocks of ice, and drag them up an incline, which 
latter may be made in sections, so as to admit of the ice being, dis- 
charged at different 
elevations. The hooks 
are set in position to 
engage with the blocks 
of ice by a spring bar 
upon the frame carry- 
ing the driving-wheel. 

In another arrange- 
ment the blocks of ice 
are shoved up a fixed 
spiral incline, by arms 
or levers projecting 
radially from a shaft, 

located vertically in pig — Aulojnatic loe Dump, 

the centre of the in- 
cline, and rotated in any convenient manner, 

Ordinary hydraulic or steam platform lifts, communicating between 
the different fioois of the factory, may be located wherever found to be 




Fig. 39<> —Vulcan Iron Works Track .System. 


necessary and coiivemeut, as also run-ways or slip-ways and gravity 


A number of loose tools are likewise required in an ice 
manipulating the ice, such as ice-saws, hatchets, hooks 
hcuiting tongs, trollies, &c. 


factory for 
and picks 
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Ice-Making, Geneeal. 

Cube Ice— An airangement invented by Mr Van dei Weyde for 
cutting ice into small blocks or cubes compnses circular saws and 
endless conveying bands or belts, by means of which the cut blocks or 
cubes are delivered to a special packing table, where they are stowed 
in boxes for delivery. 

It is advisable to liavc hydrants in suitable positions throughout 
the buildings, and this precaution is especially desirable where ammonia 
machines are in use, the extreme affinity of ammonia for water render 
ing the latter (as already mentioned) the best remedy to employ 
for killing the ammonia should any considerable quantity become 
accidentally spilt. 

The ice store is usually refrigerated by means of a brine or direct 
expansion coil, and the ante-room thereto should be cooled in a similar 
manner. It may be taken that, as usually stored, a ton of ice will 
occupy about 50 cub. ft. The top layer should be covered with dry 
sawdust or shavings. See also “Storing Ice.” 

In some places it is found advisable and advantageous to add to 
the ice factory buildings one or more cold stores or chambers, wherein 
perishable products can be preserved for customers desiring such 
accommodation. 

The management of ice-making and refrigerating machines will be 
found dealt with in the next chapter, so far as the space at command 
will allow’. That of the steam engines or other motors employed 
for driving these and of the miscellaneous accessory machines and 
apparatus will, of course, in no way differ from those used for other 
purposes, and instructions for the proper care and working thereof are 
outside the province of this work.* 


Fkbbzing Times fou Different Temperatures and Thicknesses 
OF Can IcE—Siebert 


Thickness. , 

lin. 

2 b. 

Sin. 

4 in. 

5 in. 

Oin. 

7 in. 

Sin. 

0 in. 

10 in. 

11 

12 in. 

Temperature 10' 

0-32 

1-28 

2-80 

6-10 

8 

11-6 

16-8 

20-4 

25-8 

81*8 

S8*6 

46-8 

„ 12’ 

0-85 

1-40 

3-16 

6-60 

8-76 

12-8 

17-8 

22-4 

28-4 

85 

42*8 

50 

M U’ 

0.39 

1-60 

3-60 

0-22 

9-70 

14 

19 

25 

81-6 

80 

47*0 

66 

• .1 16“ 

0-44 

1-76 

3-04 

i 7 

11 

16*8 

21-6 

28 

85-5 

48-7 

68*0 

6) 

,, 18’ . 

0*60 

2 

4-60 

8 

12-6 ! 

18 

24-6 

32 

40-5 

60 

60 6 

72 

,, 20’ 

i 0-57 ; 

2-82 

6-26 

9-30 

14-6 1 

21 

28-5 

87-8 

47-2 

68 3 

70-6 

84 

„ 22’ 

0*70 

2-80 

6-30 

11-2 

17-6 1 

26-2 

34*8 

44*8 

66-7 

70 

847 

100 

M 

0-88 

8-0O 

7-80 

14 

21 1 

31-6 

42-8 

66 

71 

87*6 

106 

126 


^ * For detailed information regarding friction and the management and 

lubrioation of the rubbing parts of machinery see “ Bearings and Lubrication,” 
by the same author. ^ 
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Time Required for Water to Freeze in Ice Cans. 


{The Triumph let Machine Go. Catalogue). 


Size of Cans. 

Weight of Cake. 

Time to Freeze. 

(> in. 

by 12 ill 

by 24 ill. 

50 lbs. 

20 hours 

H 

, 18 

, 32 „ 

KHl „ 

30 „ 

S 

, IB 

40 ,, 

150 ,, 

30 „ 

11 

, 22 

, 32 

200 „ 

55 , , 

11 

22 

- 44 „ 

300 

00 „ 

11 , 

,, 22 

, 57 

400 

1 

00 „ 


Note. —Temperature of ))iitli 14’ to IH*" Fahr. As a rule, the higher the bath 
temperature tVie slower the process ot freeiting, but the hner and clearer the ice. 


Table of Ice-Plant Efficiencies collected from Twenty-seven 
Existing and Opekating Plants.— /S' nctZrfon. 




Lbs of 
Water 

Lbs. of 


Total 



ke Pru- 
duced in 
Tons per 
‘il hour.s. 

Coal Con- 
sume i’ in 
lbs ,,er 

Jl Honrv 

Evupoiatcd 
to loo lbs. 

G Pressure 
fioni '2 Id 
per 24 Hours 

Water 
Evaporated 
per lb. of 
Coal (or 
lbs. of L 

B.T.U. con- 
t.iined in 

1 lb. of 
Coal (Calcu- 
late('). 

Heat put 
into Total 
Water 
Evaporated 
by 1 lb. of 

ElTiciency 
per Cent. 

Loss on 70 
Mr Cent. 
Basis per 
Cent. 



(or Max. Ice 

Made). 


Coal. 



a 


PiToducuon). 





5 ’4 

4,800 

10,8(. K ) 

2*25 

13,400 

2,261 

17*6 

75 

5*7 

4,8( R ) 

4,000 

11,400 

2*37 

13,400 

2,381 

17*7 

74*8 

7*25 

14,5( X > 

3*62 

12,200 

3,638 

29*8 

57*6 

7*5 

4, orH ) 

15,0( K > 

3*75 

12,2( X ) 

3,768 

30*8 

56 

10*33 

5,000 

20,060 

4 T 3 

14,858 

4,150 

3,949 

•27*9 

60*2 

il 

5,000 

22 000 

3*93 

14,858 

19*9 

71*6 

14 

12,000 

28,000 

2*33 

12,700 

2,341 

18-4 

74*3 

14-5 

0,000 

29,000 

3 22 

11,900 

3,236 

27*2 

61*2 

10*5 

0,500 

33,000 

3*47 

11,900 

3,488 

29*3 

58 

15*0 

9,000 

31,200 

3 “25 

12,300 

3,266 

26*5 

62*2 

10*5 

11,2( K ) 

12,000 

33,000 

1 2*94 

12,300 

2,945 

24 

65*8 

20 

40,( K )0 

1 3*33 

12,61 X ) 

3,346 

i 26*5 

62*2 

10 

8,( KH ) 

38, IXH > 

4*75 

12,200 

4,773 

39*1 

44*2 

14*5 

6,( XK ) 

29, ( KK ) 
35, OX ) 

1 4-83 

12,200 

4,854 

3,517 

: 39*8 

* 43*2 

17*5 

10,000 

3*5 

12,000 

12,600 

•29*3 

68 

17*00 

10,000 

35,320 

3*53 

3,547 

i 28*1 

60 

27*5 

13,500 

55,000 

4*07 

13,000 

4,090 

1 31 *3 

55*3 

19 

i,m 

38,000 

5*42 

12,200 

5,447 

44*6 

36*3 

20 

0,1 M )0 

40,000 

6*66 

13,0( X ) 

6,693 

i 51*4 

26*6 

23 

0,800 

46,000 

6*70 

13,0( M ) 

13,000 

6,793 

1 52-2 

25*5 

24 

7,000 

- 48,000 

6*85 

6,884 

4,160 

i 53 

25*8 

29 

14,000 

58,000 

4*14 

12,000 

! 34*6 

50*6 

26 

18,000 

50,000 

2*77 

12,000 

2,783 

23*2 

66*9 

32 

22,000 

64,000 

2*90 

12,000 

3,045 

25*3 

62*9 

31 

14,000 

62,000 

4*42 

10,600 

4,442 

42*2 

39*8 

82 

22,500 

164.000 

170.000 

7*28 

13,100 

7,286 

55*6 

20*6 

85 

n 

20,740 

8*22 

13,100 



8,261 

63*0 

10 
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Table giving Sizes and Capacities of Various Ice-making Plants. 

H. H. Kelly y “ The Engineer Neiv York. 


Tons* 

per 

Twenty 

four 

Size of 
Engine. 

Revolu- 

tion.s. 

Size of 
Com- 
pressor. 

Size of Blocks 
of Ice. 

dions of 
ater per 
^our. 

*3 . 

No. of 
Dgineers. 

No. of 
iremen. 

No. of 
ibourers. 

Hours. 











M 

fa 

21 

1 

7 by 9 

90 

t5 by 10 

8 by 8 by 28 

5 

h 

1 



3 

8 „ 

10 

80 

5 

„ 15 

8 

, 13 „ 

28 

15 

1 

2 

2 

2 

5 

10 „ 

20 

75 

6 

„ 18 

11 

, 15 „ 

28 

20 

n 

2 

2 

2 

10 

12 „ 

30 

70 

8 

.>r: f 

11 

11 

, 22 „ 

, 11 „ 

28 

28 

|30 

2 

2 

2 

3 

10^ 

14 „ 

30 

05 

« 

11 

11 

, 22 ;; 

, 11 „ 

28 

28 

}35 

2i 

2 

2 

3 

15 

14 ,, 

30 

05 

10 

„»! 

11 

n 

. 22 „ 

, 11 » 

28 

28 

|40 

3 

2 

2 

4 

20 

10 „ 

30 

55 

10 

20{ 

11 

11 

, 22 „ 

> 11 „ 

2S 

28 

Iso 

4 

2 

2 

5 

30 

10 

42 

52 

11 

„ 30 

11 

11 

, 22 „ 

7 11 » 

1 60 

28 / 

5 

2 

2 

6 

41)''' 

18 „ 

36 

50 

12 

„ m 

11 

, 11 M 

28 

90 

Ci 

2 

2 

7‘ 

4o 

20 „ 

30 

50 

15 

,, 30 

11 

, 11 „ 

28 

94 

8 

2 

2 

8 

00 

24 „ 

36 

45 

10 

,, 30 

11 , 

, 11 

28 

96 

10 

2 

2 

9 

80 

26 „ 

48 

45 


.. 36 

11 , 

, 22 „ 

28 

100 

14 

2 

2 

10 


* 2,000 lbs. t One oylindor. 


BliiNK FOR Use in Refrkjeratino and Ice-makinu Plants. 

A brine suitable for the above purpose can be made with from 
3 to 5 lbs. of chloride of calcium, or muriate of lime, in accordance 
with its degree of purity, dissolved in each gallon of water. The 
density of this solution is about 23“ Beaumc, its weight about 13^ lbs. 
per gallon, and the freezing point is - 9" Fahr. As the above standard 
of density must be kept up, in order to prevent the brine from becoming 
congealed in the refrigerator or the ice>inakiug tanks or boxes, it is 
desirable to Jest it periodically with a salinometer, 

In the best American practice first quality medium-ground salt,* 
preferably in bags for convenience of handling, is employed, the ’ ' 
proportions being about 3 lbs. of salt to each gallon of water. The T 

brine is made in a brine mixer, such as that shown in Fig. 391, which 
consists of a water-tight box or tank a, about 4 ft. by 8 ft. by 2 ft., 
having a suitably perforated false bottom B, and a small compartment , - 

^ partitioned ofiT at one extremity, communicating with the main ' ( 
(xmapartment through an overflow d, situated at the upper end of 
partition, and fitted with a large strainer to prevent the passage ii|to^ 
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the small compartment of salt or foreign bodies. The water is admitted 
through a pipe e, which extends into the tank a, and runs the full 
length of the false bottom, the latter portion being perforated, as shown, 
and the brine is removed through a pipe K from the upper part of the 
end compartment, at the lower extremity of which latter pipe is a 
strainer-box and strainer through which the brine passes before delivery 
into the brine-tank. A salt gauge, salinometer, or hydrometer is also 
placed in this end compartment. The sketch shown is from one given 
in the New York Emjineer. 

The salt should bo dissolved in the water until it reaches a density 
of about 90° by the hydrometer. To facilitate dissolution it is desir- 
able to stir the salt in the mixer with some handy implement, the salt 
being shovelled in as fast as it can be got to dissolve. 

By the use of this mixer the settlement of salt on the bottom and 



Fio. 391. — Brine Mixing Tank. Vertical Longitudinal Central Section, 

on the coils in the brine tank, which inevitably results when the 
solution is effected directly in the latter, is avoided. 

To maintain the strength of the brine it is recommended to suspend 
bags filled with salt in the brine-tank, or to pass the return brine 
through the above-described brine maker or mixer. 

A cheap and easily constructed apparatus for mixing brine can be 
made out of an old barrel in which a perforated false bottom is fixed 
a short distance above the bottom, the water to form the solution 
being delivered to the space between the two bottoms, and an overflow 
pipe, fitted with a suitable strainer and a well to receive a salinometer, 
being provided near the top to draw off the brine. 

When the temperature falls below T below zero Fahr. chloride of 
calcium must be employed, as a solution of common salt can only be 
reduced to a temperature V below zero, whilst chloride of calcium can 
be ^oled down to 39* below zero Fahr, 



534 REFRIGERATION AND COLD blUKAUtt. 

Fig 39“^ illustrates a brine concentrator of the Haslam type. The 
apparatus' comprises a steam-, jacketed pan, known as the concentrator, 
a series of tubes known as the interchanger, and a bnne pump. . The 
operation of the appamtus is as follows :-Brine is drawn from the 
battery by the pump, forced through the interchanger, and delivered 



Fig. 392.— Haalam Brine Concentrator. 

into the concentrator. Here it is reduced by heat to the right specific 
gravity, after which it is allowed to flow back over the interchanger 
into the battery. In passing over the ihterchanger, it is cooled by the 
'incoming brine flowing through the interchanger, and in turn heats 
the incoming brine, thus saving both steam and work on the^ 
refrigerating machine, , ^ , 
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* Storing, Handling, and Selling Ice. 

For storing purposes ice should be clear, solid, atid devoid of core. 
In America some persons insist that ice for storage should not be made 
at temperatures higher than 10“ to 14“ in brine-tank. 

The first requisite for a storage house for artificial ice, as also for 
natural ice, is, of course, the best possible insulation ; other necessary 
points to be attended to are drainage and ventilation. The best shape 
for an ice-storage house is square, or as nearly approaching this form 
as possible, and the roof should have a good pitch. An ante-room or 
lobby is also desirable, as by the provision of this latter the necessity 
for the frequent opening of the main store is done away with. 

To preserve the ice, the storage rooms, as well as the atite-chambers 
or lobbies must be refrigerated, and the amount of the lattei’ required 
may he roughly estimated, according to Prof. 8iebel, at from about 
10 to 16 Biitish thermal units of refrigeration pei cubic feet contents 
for twenty-four hours. About 1 ft. of 2-in. pipe (or its equivalent in 
other .size | Ipe) per^l4 to 20 cub. ft. of space is frequently allowed, 
says the same gentleman, in ice-storage houses for direct eKpansion, 
and about one-ludf to one third more for brine circulation. The pipes 
should* be located on the ceiling of the ice-storage house. 

The ventilation of an ice-st<irage house should be carefully attended 
to, and ventilators fitted with suitable regulators should be provided 
both in the highest part of the roof and also in the gable ends. The 
drainage should be such as to absolutely prevent the accumulation of 
any moisture beneath the bed of ice. It is recommended to paint an 
ice store white, preferably with a minerc.i such as barytes or patent 
white. 

Re8j)octing the best method to adopt for packing the ice in the 
store considerable diversity of opinion seems to exist. It is well to 
provide a bed of from 18 in. to 2 ft. of cinders, as this tends to improve 
the drainage of the house. In one method the blocks are placed on 
edge and as closely packed together as possible, the blocks in each 
succeeding layer being placed exactly over those beneath and all 
breaking of joints being avoided. The ice is covered between the 
times of storing wltli dry sawdust or soft wood shavings, and the 
uppermost layer is invariably covered with dry sawdust or shavings. 

Mr R. Thompson, writing to the Canadian Farming Worlds says 
that in filling the house he places the ice on edge, placing every 
alternate layer crossways, which plan, he claims, enables ice to keep 
better and come out easier. 
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Others recommend that the ice be stored with alternate ends 
touching and alternately from to 2 in. apart, so as to prevent th^ 
ice from freezing together. The cakes or slabs of ice should not be 
parallel to each other, and storage should only be made when the 
temperature is at or below freezing. Or, again, |-in. strips placed 
between the layers of ice in the store so as to separate the cakes or 
blocks, top, side, and bottom, from all others in the house. 

For packing the ice, sawdust, rice chaff, straw, hay — marsh or 
prairie hay being said to be preferable— are employed. Of these 
materials hay is the best, rice chaff is capable of being dried and 
re-used. 6 in. of well-packed hay .should be placed between the ice 
and the walls, and no covering until the store is full. 

1 cub. ft. of ice is taken to weigh 57*5 lbs. approximately at 32“ 
Fahr. 1 cub. ft. of water frozen at 32“ will make T0855 cub. ft. 
of ice, thus showing an expansion of 8*5 per cent, due to freezing. 

1 cub. ft;, of pure water at 39“ Fahr., its point of greatest density, 
weight^ 62*43 lbs. 50 cub. ft. of ice, as usually stored, equals about 
1 American or short ton of ice (2,000 lbs.), or 62 cub. ft., 1 English 
ton. In small ice houses in which the ice is closely packed, a short 
ton of ice can be got into from 40 to 45 cub. ft. 

When withdrawing ice from a store breaking-out bars for bottom 
and side breaking are required, and if properly skilled assistance is not 
available a considerable amount of the ice will in all probability be 
broken up and wasted. 

The wastage of ice in an ice store not artificially cooled, from 
January to July is, in the United States, at the rate of about *1 lb. 
of ice per twenty-four hours for each square foot of wall surface, or say 
from 5 to 10 per cent, of the ice stored during the six months. 

The amount of heat that will pass through 1 sq. ft. of ice 1 in. 
in thickness is put at 10 British thennal units per hour for each 
degree Fahrenheit difference between the respective temperatures on 
each side of fhe sheet of ice. 

In handling and selling ice, the waggons should be clean and 
sanitary, the men in charge should avoid walking about in them with 
dirty boots, and blocks of ice should not be deposited and slid about 
on filthy pavements. These matters are attended to in the United 
States, but here they are totally neglected. 

In tfie United States the selling and delivery of ice is generally done 
by the coupon system, which is thus described by Prof, Siebel : **It is ^ 
a system of keeping an accurate account with each customer of the <|e- ' 

■ livery of and the payment for ice by means of a small book conJ:ainifig , . 
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coupons, which in the aggregate equal 500 or 1,000 or more pounds of 
ice taken hy the customer every time ice is delivered. These books 
are used in the delivery of ice in like manner as mileage books or tickets 
are used on the railroad. A certain number of coupons are printed on 
each page, each coupon being separated from the others by peiforation, 
so that they are easily detached and taken up by the driver when ice 
is delivered. Such books are each supplied with a receipt or due bill, 
so that if the customer purchases his ice on credit, all that is necessary 
for the dealer to do is to have the customer sign the receipt or due bill 
and hand him the book containing coupons equal in the aggregate to 
the number of pounds of ice set forth in the receipt or due bill. The 
dealer then has the receipt or due bill, and the customer has the book 
of coupons. The only entry which the dealer has to enter against 
such purchaser in his books is to charge him with coupon book number, 
as per number on book, to the amount of 500, 1,000, or more pounds of 
ice, as the value of the book so delivered may be. The driver then 
takes up the coupons as he delivers the ice from day to day.’’ 

Ice-Crushing 0)j Breaking Machinery. 

A^class of machine required in most modern ice factories is that for 
ice-crushing or breaking. There are numerous uses for this type of 
machine, but probably the most important is the crushing of ice for 
use on board fishing smacks and vessels, where it would be compara- 
tively useless in large solid blocks, and must be crushed or broken up 
into small pieces before it can be satisfactorily employed for the 
purpose of packing the fish. This latter desideratum likewise applies to 
the transport of fish by rail, and to the requirements of fishmongers, 
hotels, restaurants, &c. Fig. 393 .shows a belt-driven machine having 
a crushing capacity of 15 tons per hour, built by Messrs David Bridge 
& Co., Castle ton, Manchester, a firm that have made a speciality 
of this class of machinery. The machine consists essentially of a 
suitable hopper to receive the blocks or pieces of ice, and a pair of 
crushing or breaking rollers provided with steel spikes arranged in such 
a mannei that the ice will not be allowed to slip or slide, and the 
breaking operation will consequently commence without loss of time. 
The breaking or crushing rollers are suitably geared, and the bearings 
are independent, gunmetal bushed, and provided with effective 
lubricating arrangements. An excellent feature in the design of the 
machine is that all the parts are so arranged as to be readily accessible 
lor cleaning and repairs. 
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Besides the machine shown, the firm also make various other sizes 
of power-driven crushers from 1 ^ tons up to 30 tons per hour capacity, 
as well as small hand-power machinery intended for the use of fish- 
mongers, and in hotels, restaurants, or anywhere, in fact, where it is 



Fig. 393.— 15-Ton per Hour Ice-crushing Machine. 


required to crush or break ice from the block, but the demand is not 
large. Tihese latter machines are made in three sizes, viz., of 10, 15, 
and 25 cwt, capacities. Ice-crushing machines are also made by 
Mr C. E, Barton, of Grimsby, and others. 
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MANAGEMENT. 

Ammonia Compression Machines. 

Every particular type of machine working on this principle has, as 
a rule, certain distinctive or characteristic features, and will, of course, 
so far at least as these are concerned, require special care and adjust- 
ment, and it would consequently be totally impossible to lay down an 
arbiti^ary set of rules foi working that would be suitable to all ; nor is 
this necessary or required, as full particulars relating to the manipula- 
tion of each particular machine are invariably supplied by the makers. 
The following points, however, are more or less applicable to all 
machines working on the ammonia compression principle, and should 
therefore be familiar to those in charge of same. 

Before charging an empty machine with anhydrous ammonia, all 
air must first be carefully expelled. This is effected by working the 
pumps so as to discharge the air through special valves which are 
usually provided on the pump dome for that purpose. 

The entire system should have been previously to this thoroughly 
tested by working the compressor, and permitting air to enter at the 
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;?lMtion through the special valves provided for that purpose, 11 
4t0uld he perfectly tight at 300 lbs. air pressure on the square inch, 
and should be able to hold that pressure without loss. Whilst testing ^ 
the system under air pressure it should be also carefully blown through 
and thoroughly cleansed from all dirt, every trace of moisture being 
likewise removed. 

It is totally impossible to eject all air from the plant by means of 
the compressor, therefore it is advisable to insert the requisite charge 
of ammonia gradually and not all at once, the best practice being to 
put in from 60 to 70 per cent, of the full charge at first, and cautiously 
permit the air still remaining to escape through the purging-cocks 
with as little loss of gas as possible, subsequently inserting an addi- 
tional quantity of ammonia once or twice a day, until all the air has 
been got rid of by displacement, and the complete charge has been 
introduced. 

To charge the machine, the drier or dehydrator of the apparatus 
for manufacturing or generating anhydrous ammonia, or, where no such 
apparatus is included in the installation, the drum or iron steel flask 
of anhydrous ammonia, should be connected, through a suitable pipe to 
the charging valve ; the expansion valve must be then closed, and the 
valve communicating with the drier or dehydrator, or that in the*flask 
or bottle, opened. The machine should be run at a slow speed when 
sucking ammonia from the drier, or whilst the flask is being emptied, 
with the discharge and suction valves full open. In the latter case, 
when one of the flasks or bottles has been completely emptied it 
must be removed, the charging valve having been first closed, and 
another placed in position, until the machine is sufficiently charged to 
work, when the charging valve should be finally closed, and the main . 
expansion valve opened an^ regulated. A glass gauge upon the liquid 
receiver will show when the latter is partially filled, and the pr&sure 
gauges, and the gradual cooling of the brine in the refrigerator (in the 
case, of a brin^ circulation or ice-making apparatus) and the expansion 
pipe leading to the refrigerator coils becoming covered with frost, 
indicate when a sufficient amount to start working has been inserted. 

It is sometimes advisable to slightly warm the vessels or bottles 
contoining the anhydrous ammonia by means of a gas jet, or in some 
other convenient manner, whilst transferring their contents to the 
Huuffiine, as otherwise if frost forms on “the exterior of the bottles 
they will not be completely discharged, and loss of ammonia will 
^sue. ' ^ 

^ T3ie flasks, bottles, or other receptacles containing the anhydrouj^ 
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itUOBk should be always kept m a tbleraWy cool shd a perfeefi^f 
sa^e situation) and they should moreover be moved and bamided 
tihe utmost caution and care. 

In the event of an accident occurring and any considerable quan- 
tity of the ammonia becoming spilt, it is well to remember that it is ^ 
extremely soluble in water that 1 part of the latter at a temperature 
3f 60“ Fahr. will absorb some 800 parts of the ammonia gas, therefore 
water should be employed to kill or neutralise it, and any persmi 
attempting to penetrate an atmosphere saturated with this gas should 
not fail to place a cloth well saturated with water over his nose and 
mouth, or better still, a suitable helmet or respirator. 

The machine having been started, and the regulating valve opened, 
it is essential to note carefully the temperature of the delivery pipe on 
bhe compressor, and if it shows a tendency to heat, then the regulating 
valve must be opened wider ; whilst, on the contrary, should it become 
cold, the vfdve must be slightly closed, the regulation or adjustment 
thereof being continued until the normal temperature of the above pipe 
is the same as that of the copling water leaving the condenser. When 
the charge of ammonia in the machine is insufBicient, the delivery pipe will 
become heated, and that even when the regulating valve is wide open. 

There are many additional signs of the healthy working of the 
apparatus other than the fact that it is satisfactorily performing its 
proper refrigerating duty, which soon becomes easily reccgnisable to 
those in charge. For example, every stroke of the piston will be cleai’ly 
marked by a corresponding vibration of the pointer or indexes of 
the pressure and v-^icuum gauges. The frost visible on the exterior of 
the ammonia pipe leading to and from the refrigerator will be about 
the same. The liquid ammonia can be distinctly heard passing in a con- 
tinuous and uninterrupted stream through the regulating valve. The 
teinpA'ature of the condenser will be about 15" higher than that of the 
cooling water running from the overflow. And, finally, the temperature 
of the refrigerator will be about 15* lower than the actual temperature 


of the brine or water being cooled. 

Air will find its way into the system through leaky stufting boxes, 
improper legulation of the expansion valve, &c. Its presence in any 
considerable vplum*' I.i shown by a kind of whistling noise, the liquid 
ammonia passing through the expansion valve in an intermittent 
manner, a lise of pressure in the condenser, and also loss of efficiency 
thereof, and other obvious signs. In this case the air must be got 
rid of through the purging-cocks in a similar manner to that wbkffi 
"Ircniains in the system when first charging the machine. 
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The presence of any considerable amount of oil or water in the 
system, which may result from careless distillation, will cau'fee a reduc- 
tion in efficiency, and will be evidenced by shocks within the compressor 
cylinder. 

The temperature can be regulated either by running the machine at 
a higher speed or by increasing the back pressure, or by a combination 
of both. The back pressure can be regulated by means of an expan- 
sion valve or valves fitted between the receiver and the refrigerator 
evaporating coils or pipes in the main liquid pipe. 

It is absolutely necessary that an ample supply of oil for lubricating 
purposes be forced into the stuffing box of the compressor at frequent 
intervals, otherwise it will be found that the heated ammohiacal gas 
at high pressure will very rapidly cut through even the very best 
packing. Pure mineral oil of good body is found to be the best lubri- 
cant ; animal and vegetable oils should not be Used, as on contact with 
ammonia they will saponify, and much trouble and loss will ensue 
therefiiom. 

Another matter requiring special attention is the proper lift of the 
suction and discharge valves, and these should invariably be provided 
with suitable means for admitting of the lift being readily adjusted. 
The lift should not be too high, otherwise the valves will not close* with 
sufficient promptitude, and a loss of efficiency will result, and that more 
especially in compressors running at high speed. 

When superheating of the ammonia gas in the compressor is guarded 
against by the circulation of cooling water through a jacket surrounding 
the latter, it is desirable to ascertain the proper amount of water 
necessary to secure the best results. Tliis will, of course, vary with 
the condensing pressure ; about 12 gals, of water per hour for each ton 
of refrigerating effiect per day of twenty-four hours being usually found 
to be sufficient for low condensing pressures of, say, from 95 to 1 It) lbs., 
whilst, on the other hand, with a high condensing pressure of about 
150 lbs. the apaount will have to be increased to 50 gals, or more per 
hour. 

The larger the amount of cooling water that is employed in the 
separator jacket the better ; and this water need not be wasted, as it 
may be conducted through a suitable overflow into the condenser, and 
utilised together with that delivered specially thereto. The overflow 
pipe conducting this water to the condenser should preferably dip down 
for a certain distance into the condenser. 

Respecting the quantity and temperature of the cooling water foi* 
the condenser, it must be remembered the lower the temperature of the 
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condensed ammonia the loss will be the pressure against which the 
compressor* has to work, and consequently the greater will be the saving 
in fuel and in wear and tear to the moving parts. 

The amount of condensing water required will vary in accordance 
with the temperature at which it is run from the condenser. For 
instance, if the condensing water be run into the condenser at a 
temperature of about 60° Fahr., and leaves at the overflow or waste 
at a temperature of, say, 90° Fahr., the quantity of water required will 
be about 1 gal. per minute for each ice capacity of 1 ton per twenty- 
four hours ; whilst if the temperature of the overflow or waste were 
75° Fahr., the original temperature at the inlet being the same as 
before, the amount of water required would be about 2 ‘5 gals, per 
minute for each ice capacity of 1 ton per twenty-four hours, and a 
reduction of about 40 lbs. in the condensing pressure would be effected. 
In large towns and cities, however, wheT'e the water from the water 
companies’ mains has to be used, and paid heavily for, it is often 
doubtful economy to attempt to reduce the temperature of the con- 
densed ammonia below a certain point, say 60° Fahr., during the 
winter mcc.ths, and 70° Fahr. during the summer months. It is 
obvious that when a high price has to be paid for the water employed 
for cooling and other pui|)Oses, every effort possible should be made to 
utilise it to the fullest extent, and, with this end in view, it is desirable 
to use the overflow water from the condenser for boiler-feeding purposes, 
or to employ some means, such as a cooling tower, for saving that which 
would be otherwise run to waste and be completely lost. 

To prevent loss of ethciency from heating of the condensed 
ammonia, it is advisable that the receiver and piping should be covered 
with a thick layer of some suitable nou-conducting material, which 
precaution is , the more necessary, inasmuch as the piping generaUy 
passes •througli the engine room, and consequently the temperature of 
the ammonia is not infrequently raised as mucfli as 25° above that at 
which it left the condenser before it enters the coils or pi^Des of the 
refrigerator, which causes a loss of about 2*5 per cent, on the ice- 
raaking capacity the machine. The pipes conveying the ammonia 
gas from the coils or pipes of the refrigerator to the compressor should 
be likewise well covered with non-conducting material, so as to pre- 
vent, as far as possible, any further accession of heat in the gas 
during the transit. The desirability of this will be readily seen when it 
is remembered that the refrigerating capacity of a machine of this 
type is dependent upon the weight of ammonia circulated, and that the 
volume of a given weight of the gas increases in i)ro]X)rtion to the 
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elevation of its temperature, and consequently the higher this is raised 
the smaller will be the weight of the gas circulated or dealt with by the 
compressor, although the volume may be the same. 


Oil Separators or Collectors. 

In the case of a compressor wherein the cylinder is cooled by a 
water circulation round its exterior walls, and not by the intro- 
duction of cooling liquid to the interior thereof, a certain amount of the 
oil employed for lubricating purposes will gain access to the interior 
round the piston rod, and this oil would, unless proper means be taken 
to prevent it, be carried through the discharge valve along with the 
ammonia gas, and, after first passing into the condenser, would finally 
gain access to the evaporating or expansion coils or pipes of the refri- 
gerator, and also stop or clog up the expansion valve, and otherwise 
reduce tjhe efficiency of the machine. 

The method employed for recovering any oil carried over with the 
ammonia gas in a compressor of the De La Vergne type, eniploying 
a sealing, cooling, and lubricating liquid in the cylinder, has been 
already mentioned when dealing with that machine ; with compressors 
wherein other means are employed for ensuring a complete or a practi- 
cally complete discharge of the ammonia at each stroke of the piston, 
suitable oil separatois or collectors for the mechanical separation of the 
oil from the gas, and in some cases rectifiers are used. The oil 
separator, which should be at least as large as the liquid-ammonia 
receiver is, as a I'ule, placed in the main pipe between the compressor 
arid the condenser. Another oil separator or trap is frequently fitted 
on the expansion or low-pressure side of the refrigerator, usually in 
close proximity to the inlet to the compressor pump. The object of 
this latter is to intercept any scale, dirt, &c., from the pipes, aad pre- 
vent its gaining access to the pump cylinder and injuring the piston 
and valves, • The shells of these separators or traps are usually con* 
structed of wrought iron or steel, and it is essential to have perfectly 
^as*tight joints. 

* The separator or oil collector frequently supplied consists merely 
in a cylindrical vessel into which the ammonia gas is conducted at 
extremity and leaves at the other. The inlet and outlet being situated , 
at ^m'e inches from the ends or covers," the gas is supposed to be freed 
from the oil carried over therewith by coming in contact with the 
s^es o^ the cylinder, and it passes on to the condenser, whilst th# oil 
{(dW to the bottom of the vessel. 
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A better form of separator is that wherein baffles or plates, de- 
scending veHically to slightly below the centre of the cylindrical vessel, 
and extending alternately nearly but not quite to the opposite sides 
of it, are employed. In this arrangement the gas is admitted at one 
side of the cylinder, and, after taking a zigzag course between the 
baffles or plates, leaves at the t)ther side. A very considerable increase 
of contact surface is thus ensured in a separator of this type, a modified 
form of which is employed in the Be La Yergne system, and the 
separator is rendered considerabi)’’ more efficient. 

The gas being at a temperature of some 200° Fahr. when passing 
through the separator or interceptor, the oil contained or carried over 
with it is in a limpid condition, and is, therefore, difficult to eliminate 
from the gas. To obviate this objection the separator or oil collector 
is sometimes water-jacketed, by which means the temperature can be 
maintained low enough to cause the oil to separate easily from the gas 
and fall to the bottom of the cylinder or vessel. By this arrangement 
its efficiency is still further increased. 

Puplett and Rigg’s patent separator or interceptor has been 
already described in a previous chapter, and centrifugal oil separators 
have also been used with som< success. A type of oil separator 
recompjended by some makers is fitted with an arrangement of wire 
screens. 

A separator of this latter type was patented in 1887 by ^ Puplett 
and J. L. Rigg, which consisted of a cylindrical vessel having a water 
jacket through wliich a circulation of cooling water is maintained, and 
provided centrally with two or more sheets or screens of wire gauze, 
or perforated sheet metal, by which the cylindrical vessel or chamber 
is dividecl vertically into two compartments. The gas from the com- 
pression pump is discharged into this vessel or chamber against the 
sheets dr screens, and is forced through the interstices or meshes, the 
surface contact separating the oil, held in mechanical suspension, from 
the gas. The separator being maintained at a lower temperature than 
the gas by means of the above-mentioned water jacket, a rapid con- 
densation of any oil passing over with the gas takes place, and this 
oil is first deposited on the sheets or screens, from which it falls to 
the bottom of tbp separator, from whence it can be drawn off through 
a dischai’ge-cock fixed therein, without stopping the machine, and 
without any material loss of gas or admission of air occurring. 

To catch any oil that may pass down the return-liquid pipe, an 
interceptor is attached to the latter in any convenient position, but 
jpref^rably as near as possible to the refrigerator/ This interceptor is 
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formed of a cylindrical vessel having a diaphragm extending from the 
cover to within a short distance of the bottom, and anothef diaphragm 
extending from the bottom thereof to within a short distance of the 
cover, thus forming tliree compartments. The return-liquid pipe passes 
through the cover nearly, but not quite, to the bottom of the intercep- 
tor on one side of the first diaphragm — that is in the outer compart- 
ment —and is continued from n(‘.ar the bottom of the interceptor to 

beyond the second diaphragm, 
that is to say, out of the third 
compartment. Any oil that 
passes down the return-liquid 
pipe collects in the first compart- 
ment of the interceptor, from 
whence it can be withdrawn 
through a cock fixed in the first 
comj)artment without stopping 
the machine, or causing an ap- 
})reciabio loss of gas or the admis- 
sion of air to any injurious extent. 
This interceptor is preferably 
jacketed, and is surrounded with, 
and maintained at a suitable 
tem})erature by means of, cold 
brine, in order to aid in separat- 
ing the oil from the liquefied gas. 

Even the best of the ordinary 
.separators or oil collectors at 
present in common use are, how- 
ever, more or less defective in 
action, and those having under 
their charge expansion coils or 
Fig. 394.— Vdbrhees Oil Separator or Col- brine coolers are well aware of 
lector. Vertical Central Section. the fact that considerable quan- 
tities of oil gain af^cess to the 
expansion coils or the ammonia space of the brine cooler in com- 
pression systems. This oil, it is well known, is a great drawback 
to the successful working of the system, acting as an insulator and 
preventing the efficient transfer of heat from the ammonia to the pipes 
and also occupying a considerable part of the space required for the 
liquid ammonia. The oil i.s in a finely-divided and partially vapoi^is^ 
condition, for which reason the ordinary separators fail to eliminate it 
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from the liquid ammonia. The obvious remedy seems to be to so 
construct tKe separator that the liquid ammonia will bo cooled before 
passing to the expansion valve and so as to condense the oil vapour 
and separate same from the liquid ammonia. This action would he 
ensured in the oil separator shown in Fig. 394, designed by Mr 
Gardner T. Voorhees, S.B., M.A.S.M.E., which was described in “Ice 
and Refrigeration.” The liquid ammonia from the condenser, after 
passing through the gas trap, then passes by pipe a into the space B 
of the separator. Here the velocity of the liquid ammonia is reduced 
by the large flow area of the separator. The ammonia flows slowly 
over the outer surface of the coil c. This coil is as cold as the cold 
liquid ammonia after it has passed the expansion valve. This cold 
coil cools the whole body of the liquid ammonia in the separator, and 
the oil separates out in small globules as shown, and settles to the 
bottom of the separator. 

Tlie liquid ammonia, now fn'c from oil, passes out by the pipe d to 
the expansion valve i)*, and expands through the coil c, passing out 
through the pipe K to the expansion coils, or to the ammonia space in 
the brine cooler. The oil can be seen in the glass of the automatic 
gauge-cocks, and can be drawn off irom time to time through the pipe 
p and 4:he valve a. The separator can be insulated or not, as desired. 
If insulated the only loss of refrigeration would be a neglectable small 
one through the insulation. If uninsulated, it would be relatively 
small, and less than is often found in uninsulated liquid headers and 
expansion valves. 

Fig. 395 shows a loodified arrangement of the catch-alls or inter- 
ceptors employed on the. Yaryan patent evaporators, which could 
^ilso be used for the elimination of the oil. As will be seen from 
the illustration it consists in a cylinder A, which is wate^'-jacketed 
as shown at a^ and divided into two compartments by a tube-plate or 
partition b, from which project tubes c, c, which extend round the 
gas outlet pipe d, and extend nearly but npt quite to the end of the 
cylinder, the outlet pipe extending into the cylinder for a distance 
equal to about half ^the length of the tubes, e is the inlet pipe 
through which the ammonia gas and the particles of oil carried over 
therewith are deli\i6red ijiio the first chamber of the separator or oil 
collector, f is a wire gauze or perforated screen or diaphragm, and 
pb are baffle or check plates which extend alternately to within 
close proximity to the opposite sides of the cylinder. A clearance is 
likewise provided at the bottom of each of the baffle or check plates 
' F, and of the partition or tube-plate^B, to allow of the free passage 
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lie oil from the first compartment or chamber to a well formf^ 1i|| 
the bottom of the separator cylinder a; g is a pipe leading from l|ii| 
well, through which the oil can be drawn off when required; It^i 
are respectively the inlet and outlet pipes for the cooling water to tie 
water jacket. 

In operation the gas and oil enter the first chamber or compart- 
ment of the separator and pass to the tubes c through the wire gauze 
diaphragm F, and taking a zigzag course from side to side of the 
separator past the baffle or check plates Fh A large proportion of the 
oily particles strike against the diaphragm, and the check, division, 
or baffle-plates p^, and become separated from the gas, finally falling 
to the bottom of the compartment and passing to the well A^. The 



Fig. 30.'). — Varyan Form of Oil Separator, Colleotor, or Interceptor. 
Vertical Central Section. 


partially cleared gas then passes through the interior of the open-ended 
tubes c into the second chamber or compartment, and returns along 
the space on the outside thereof to the outlet pipe d, the remainder 
of the oily particles becoming deposited on the interior and exterjSbi? 
surfaces of the tubes c, and on the walls of the compartment, from 
which they likewise fall, and ore collected in the well in the bottom 
of the latter. The very extended surfaces with which the gas tljus 
com^ in contact during its passage |hrougb the separator or collector 
will ensure the complete deposition of the oil held in suspension by the V 
gaa, and the latter will finally pass out from the separator or cSl * 
jC0llector at the outlet pipe n completely, or practically compfetelyf 
^Kieed therefrom. 
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that the oil can be used over a^ainj this, howewrj ^ 
bbjectipnable in the case of a double-action compressor, as 0ii 
connection is liable to become choked with pieces of packing that fihid 
their way into the separator. When a rectifier is used, the separator 
is in some instances connected therewith through a rotary cock, 
operated from the main shaft by means of a band, which cock is kept 
constantly working discharging a small quantity of oil at each revolu- 
tion into the rectifier, so long as any remains in the [separator. The 
failure of oil in the separator is indicated by the connecting pipe 
between the latter and the separator becoming covered with frost, when 
the cock must be immediately thrown out of gear and the oil allowed 
to accumulate in the separator before re-starting it. When the 
separator is connected directly with the loctifier the cock in the 
connecting pipe should be opened periodii^ally, say about every twelve 
hours. The oil may be discharged from ^he rectifier at about similar 
intervals, and the amount of oil that is found to be entering the com- 
pressor cylinih r is an index to the state of tlie packing in the stufiing 
box, a large quantity being a certain sign that it requires renewal or 
seeing to. Tt is inosl: important that the separator or oil collector be 
cleaned out at pretty frequent and regular intervals. 

The liquid ammonia receiver is invariably located below the con- 
denser, a supply pipe lieing led from it to the evaporator or refrigerator 
governed by the expansion cock or valve. 

Fig. 396 illustrates a type of ammonia receiver and oil trap made 
by the Triumph Ice Macliine Co. The pipe shown passing through 
the vessel is the suction pipe to the compi*e8sor pump cylinder, 
and when this pipe becomes coated with frost, it materially assists in 
cooling^ the Hijuid ammonia, and thereby greatly increasing the effi- 
ciency of the pL^nt. At the top of the receptacle is a wire gauze 
strainer, shown in plan on the left-hand side of the drawing, which 
prevents foreign bodies and impurities from gaining access to the 
system. (See also pages 76, 509, and 510.) 

i» 

Accumulations of Deposit in the Condenser. 

It not infrequently happens that deposit accumulates on the ex* 
terior surface of the condenser coils from sedim^t in the water, and 
cn the interior surface thereof from oil and foreign bodies. The 
sin|Jl6r ammonia pipes may sometimes became filled with obstructions 
to extent of completely blockinjg them up. These bodies iliay 
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consist of lumps of solder or other matter accidentally left in the tubes 
when making the joints, or of pieces of packing from the stuffing box 
carried over with the gas. The deposit or furring of the condenser 
coils or pipes is objectionable inasmuch as it acts as a non-conducting 
covering, and prevents them from fi'eely transferring the heat to the 
cooling water, and the clicking of other conduits is likewise followed by 
corresponding loss of efficiency, for ('xample, that of one of those lead- 
ing to one of the refrigerator coils or sets of pipes will result in the 
latter not acting at all, or only very slightly. Complete choking up 
or obstruction of one of these latter conduits is evidenced by that 
particulai pipe, and also the corresponding return pipe, not becoming 
covered with frost at all, or only so to a % ery small extent ; and a slightly 
less degree of frost upon any of these pipes indicates partial choking 
or obstruction, and a consequent very feeble action of the coil or set 
of pipes. 

The coils or pipes in the condenser ffionld bo fcequently cleaned 
on the exterior with a suitable brush, and, whenever practicable, 
removed at fixed i)eriods and carefully scaled. This is best and most 
easily effected by heating the tubes, care being taken, however, not to 
carry such heating to an injurious ('xtent. The interior surftices of the 
tubes •can be cleansed by blowing steam through them at a con- 
siderable pressure. 'I^o clear small obstructions from a conduit leading 
to one of the refrigerator coils or sets of pipes, it is usually sufficient 
to turn the entire stream of ammonia into it. Should, however, the 
obstruction prove obstinate, and it be found impossible to shift it 
in this manner, an early opportunity must be taken to clear it by 
blowing steam through it. Any considerable choking of the conduits 
leading to the refrigerator coils is followed by a very marked decrease 
of efficiency in the lattei'. 


Breaking Joints. 

Whenever a joint has to be broken, and any portion of the machine 
opened for any purpose whatever, it is absolutely essential that the 
whole of the ammonia contained in that part should be pumped or trans- 
ferred to another 'part, or if this cannot be done it should be dis- 
charged, preferably into water, which can readily be effected by means 
of a short strong india-rubber tube. On account of the already-men- 
tioned great solubility of ammonia in water, it will become readily 
absorbed, if the vessel into which it is discharged be kept sufficiently 
replenished with cool water. It is of the utmost imi)ortance that the 
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rule of carefully removing all ammonia pressure before breaking a joint 
be strictly adhered to. 

In warm weather, or in hot climates, the joints will require con- 
stant attention, and periodical inspection, and tightening up of the 
bolts ; and at all times, even in the winter in this climate, they are 
liable to develop leaks through the working of the machinery. 


Lubricatino Qualities, &c., of Ammonia. 

Ammonia being a good solvent, and having no effect upon iron or 
steel, the parts will become clean and free from de})osit, after working 
for a short period, and the cylinder and piston will l>e found highly 
polished. Ammonia also possesses some slight lubricating qualities, 
and, therefore, after starting, no other lubricant need be introduced 
into the compressor cylinder. The cylinder covers, as also the valve 
box <jov0r8, should be occasionally removed and a thorough inspection 
made of the piston, cylinder, and valves. The latter are exceedingly 
apt to become cut or marked by fragments of scale, and require 
grinding in periodically. 


Compressor PiaTON Rod Packinos. 

A properly packed piston rod will remain in gO(xl order for at least 
* six months, provided the rod be in first-rate condition and per- 
fectly true ; under contrary conditions, however, trouble will be experi- 
enced in a fortnight or less. The usual precautions to be observed in 
order to properly pack a steam engine or other stuffing box, which are 
well known, or should be so, to those in charge of ammonia plants, 
are equally applicable iri the case of the compressor, but the herein- 
' before-mentioned extensively searching nature of ammonia gas demands . 
the exertion *of extra care. These observations apply more especially 
in the case of a double-acting compressor. 

For single-acting compressors metallic packing will be found the* 
be^t, that of Victor Duteme, the patent for which expired mamy years 
ijfo, being an excellent one for the purpose. 

A single-acting compressor stuffing box, being only subjected to file 
Emotion, pressure, that is to say, to one of about 28 lbs. per square 
or even less, the maintenance of a tight joint is a matter of com- 
' ' pisujativo focRity, With a double-acting compressor, however, the ^e 
I i« different, aa the pressure will vary from 126 lbs, at the lowest to soiaO# 
itlmes as much 180 lbs. at the highest, and with such a searching "gal 
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as ammonia the stuffinj^ box is a part likely to give the engineer in 
charge at least as much concern as any other portion of the machine. 
Should, however, the piston rod be in first-rate condition and perfectly 
true, a properly-packed stuffing box will, as already mentioned, enable 
a gas-tight joint to be maintained for six months or more ; with the 
opposite state of things leakage will probably occur in a fortnight or 
less, and in practice the rod will seldom be found to be in the first- 
named state of high perfection, consequently the joint may be expected 
to Vemain tight for any pericxl of time l)etween the two above- 
mentioned. 

The stuffing box should be of considerable depth, say a foot, a 
clearance of from | to in. being left between the piston rod and 
its inner wall. Fig. 397 is a diagram from a sketch given in an 
American journal showing one form of stuffing box and method of 



Fig. 397.- Stuffing Box and Packing for Ammonia Machine. 
Longitudinal Section. 


packing, from which it will be seen that it is packed in two sections, 
a steel lantern a, some inches long, being inserted centrally in the 
stuffiifg box B, with packing C on each side of it. 

Double-acting compressor stuffing boxes are best packed with com- 
binations of packings, metallic packings (which are found very suitable 
for the stuffing boxes of single-acting compressors) not giving good 
results with the former. Many of the special and patented packings 
will be found suitable. Plaited cotton packing, cut into suitable 
lengths, and inserted in the form of rings, may be employed, it being 
desirable, however, in this case to finish off with a couple or more 
rubber insertion rings. 

Packings consisting of india-rubber and duck, and indeed moat 
packings bi good quality containing india-rubber, are suitable when the 
is in good order, and the larger the proportion of rubber 
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better, as the ammonia has no injurious action upon the latter, only 
making it swell and become spongy, and thereby enabling a gas-tight 
joint to be maintained with but a trilling amount of friction. 

The packing should be driven home tightly, piece by piece, with 
a packing stick made of hard wood, and a mallet, the gland being 
finally screwed on by hand only, so as to allow for the expansion of the 
packing. This latter precaution is absolutely necessary in order to 
ensure the maximum life of the latter. Wlien tightening up the gland 
care must be taken to do so equally all round, and not to screw up the 
nut on one bolt more than on any of the others. 

Several of the patented systems for preventing the occurrence of 
leakage of gas taking place past the studing box have been described 
in previous chapters, but the present purpose is only to endeavour to 
show^how good a job can b(5 made with ordinaiy stuffing boxes and 
packings. 


To Charge and Work a Carronig Acid Machine. 

The following directions, whilst applying more or less to all carbonic 
acid refrigerating machines, refer more especially to those made by 
Messrs J. & E. Hall, Ltd. • 

Before charging, fill the compressor with glycerine and run the 
machine for an hour or two with all the valves open wide. 

To charge the machine, suspend a flask of CO^, valve upwards, 
from a spring balance and connect by a copper wire to the evaporator. 
See that connecting joints are tight. The steel flasks contain about 
40 lbs. of COo, and the number required will, of course, depend upon 
the size of the machine. 

Dpen the valve on the flask and on evaporator. The difference in 
weight between the empty and full flask will denote the weight of COg 
that has passed into the machine. 

After the flasks are half empty, warm them with hot water. When 
empty close the valve whilst the flask is still warm. Should any COg 
remain, it will be cold, and at the lower extremity. 

* On first charging a new machine, blow the air out of the system 
by breaking the joint between the regulator and the pipe leading to it, 
the regulator being closed and all other valves open, and blow 2 or 
i3 lbs. of COg through. 

When charging, carefully examine all joints as the pressure rises, 
using soap and water for the purpose. ‘ 

^ The COg gauges on condenser and evaporator indicate on the 
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outer circle the pressure in atmospheres, and on the inner circle the 
corresponding temperatures of CO.,. 

When fully charged, start the machine with all the valves open and 
adjust the, regulator the inlet valve of the evaporator) so that the 

condenser gauge will indicate on the inner circle 5 ’ to 10^ above the 
temperature of the cooling water at the inlet to the condenser, and 
the evaporator gauge 10° to 15" below the temperature of the brine 
or water to be cooled. 

•Under normal working conditions the compressor should be cold 
or partly covered with snow, and the delivery pipe from it should be 
rather warmer than the hand can comfortably bear. If the delivery 
pipe is not hot enough, slightly close the regulator, when the tempera- 
ture will quickly rise. If the compressor becomes warm, it points 
to the regulator being insufficiently open. 

Should it be impossible to secure Ihe coiiditions above-mentioned, 
the system is short of gas. To further lest this, close the regulator, 
and if the evaporator gauge falls rapidly and continuously, the system 
is short of gas If properly charged, the gauge should remain almost 
stationary for s(^veral revolutions of the machine. Besides, if sufficient 
gas be present ir. the system, tlie condenser gauge could hardly rise at 
all, e’wen after working two minutes. 

When sliort of gas, or in doubt, insert more, extra gas in tlie 
system, up to a quarter charge, will do no harm. It will be indicated 
by the condenser gauge showing 20 or more degrees above the inlet 
water temperature. If the machine be short of gas the refrigerating 
work done will be but a fraction of its proper duty. 

d’ho temperature of the brine to be maintained depends, of course, 
upon the refrigeration that is to be performed. 

The clearance spaces at the ends of the compressor being small, 
they must be mabitained e(jual at both ends. 

The hydraulic leathers forming the piston packing will require 
examination and removal occasionally, and it is particularly necessary 
that the nut securing these leathers should be well screwed up and 
locked. After puttthg in new leathers it is atlvisable, two days after 
stai’ting, to tighten up the nut again. 

The suction and delivery valves should be examined periodically. 
When they require I'e-grinding, spare ones may be put in. 

In machines with the valve seatings making double joints, see that 
both copper rings are equally crushed by the valve casing. Leakage 
at the outer joint will indicate itself outside, but at the inner joint will 
not oe perceptible except in reducing the work done by the machine. 
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To test the work of the compressor, close the regulator, when 
the evaporator gauge should be pumped down from say 25 atmospheres 
to 5 atmospheres in about 200 revolutions. If slower, either the valves 
or the pistons are faulty. 

The gland is packed with two hydraulic battens, between which a 
pressure of glycerine is maintained by means of the special lubricator 
provided. The gland should not be screwed up too hard. The 
lubricator will r(;quire pumping up after some hours’ work, and when 
the piston has moved 4 in. This, however, should not occur under 
three hours if the gland battens and compressor rod are in good order. 
The lubricator valve should be open a full turn. The glycerine which 
leaks from the gland should be caught, and after filtering, used again. 
Great care should be taken to keep the compressor rod free from 
scratches or marks, which would rapidly destroy the gland leathers. 

If short of leathers, the gland may be temporarily packed with 
ordin.'^ry tallowed packing, thus : first put in two or three turns of 
packing, then the spiral ring, and then fill up with packing, care being 
taken that the ring comes opposite the glycerine outlet when the gland 
is screwed up. 

Any glycerine passing into the compressor will be caught in the 
separator, and must be drawn off twice daily by slacking the nut at 
the bcjfctom, and after filtering, used over again. 

All glycerine used should be free from water, acid, and dirt. 

On the suction side of the compressor is a strainer, and, with a new 
machine, this should be taken out and cleaned after the first and second 
day, and then occasionally. ^ 

When stopping, it Ls not necessary to close any valves. The gauges 
will then equalise, standing at the pressure of the evaporator. Before 
stai tmg, care sliould be taken to see that all the valves are open, a safety 
valve, however, is provided to relieve the pressure should this be neglected. 

The speed will vary in accordance with the size of the machine. 

It is particularly necessary that all pipes, joints, and glands of 
spindle-valves should be carefully examined and kept tight. For the 
first few days especially they should be examined daily, and all bolts 
und gland-nuts screwed hard up. The most minute leak should be 
instantly stopped. 

To ejtamine the compressor, close the suction and delivery, screw 
valves, and slack off a joint to let the gas escape. Make sure 
, ill pressure is gone before opening up. ^ 

I When the machine is stopped for a week or more, the piston 
^;i^qald be withdrawn and oiled, or painted with white lead and tallo4, 
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I’reezing or Choking up op Compression System. 

In working a compression machine considerable trouble is fre- 
quently experienced owing to freezing or choking up. This is caused 
by small particles of moisture entering with the gas from the com- 
pressor, or from the escape of glycerine or oil through the separator, 
which gradually accumulates in the system, and finally solidifies at the 
bottom of the evaporator or refrigerator coil, or at the expansion or 
regulator valve or cock. The latter place is the least objectionable, 
and as a general rule it can bo cleared away by quickly throwing the 
valve open to its fullest extent. To clear the evaporator or refrigerator 
coil, a cock should be fitted to the evaporator or refrigerator casing or 
shell as low down as possible, and to this should be connected a steam 
pipe (^r hose from any available source of supply, such as a drain-cock 
on the steam pipe to the engine. The steam should be turned on 
slowly, and the temperature of the brine in the evaporator or refri- 
gerator raised to about 70 ° Fahr., the overflow cock from the evaporator 
to the brine tank being opened. The effect of this will be to liquefy 
the oil on liie interior of the coil, and it will then run down to the 
bottom of the latter where the ('xpansicm valve should be full opened, 
so as, to communicate with the condenser. If the compressor be then 
slowly started in the ordinary manner, in about half an hour the 
oil will float to the top of the liquid and may be drawn off at the 
separator. 

In drawing off or clearing out the separator the drain valve should 
be prevented from getting too cold, as if it does so the gas will come 
away in semi-solidified form, and there will be considerable wastage. 
The clearing out will be necessary about every three or four weeks, and 
lasts between one and two hours, the rise of efficiency in the machine 
being very perceptible. 

In charging a system, it is always desirable to pass the gas from the 
charging cylinder through a gas drier, so as to thoroughly cleanse and 
extract all moisture from it. This drier consists of a vessel fitted with 
a suitable inlet and outlet valve, and a drain or purging cock, and 
charged with alternate layers of chloride of calcium and cotton 
wool. ' ^ 

This apparatus can be also used for the cleansing or purification 
of the gas already in the system, by connecting the outlet valve on the 
condenser with the inlet valve on the drier, closing the expansion and 
condenser outlet valves, and disconnecting the pipe between thei^ 
fheu opening the outlet from the condenser, inlet to the drier, outlet^ 
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and charging valve on the top of the evaporator or refrigerator, and 
by woiking the compressor very slowly, any impurities in the gas will 
be taken up by the calcium and cotton-wool in the drier. 

Lubrication of Refrioeratino Machinery. 

This important point, which has been already touched upon in 
previous portions of this work, is apt to be as much neglected by users 
of refrigerating machinery as it is by users of other types of machin&ry. 
It will be well for these gentlemen to at once dismiss from their minds 
the idea that low-priced inferior quality oils are really the cheapest, 
and understand that on the contrary not only are high grade oils 
necessary to ensure the highest efliciency of the machinery, but that 
they are also the least expensive in the long run. 

In refrigerating machinery the use of three different kinds of oil is 
demanded : steam cylinder oil, oil for general use, and compressor 
pump oil. 

Oil for the steam cylinder : Oood cylinder oil is entirely free from 
grit, does not gum up the valves and cylinder, and does not evaporate 
rapidly on exposure to the heat of the steam. The quality of a cylinder 
oil is demonstrated on i*emoval of the cylinder head. If the oi) is of 
good quality the wearing surfaces should appear well coated with 
lubricant, which will not show a gummy deposit, or blacken on the 
application of clean waste. 

Oil for general use on all the bearings and wearing surfaces of the 
machine proper : This may be any oil that will not gum, is not too 
limpid, possesses a good body, is free from grit and acids, is of good 
wearing quality, and flows freely from the oil cups at a fine adjustment 
'Without a tendency to clog. Lor the larger bearings it is well to use a 
heavier grade of oil. 

Oil for use in compressor pumps : When it is necessary to use oil in 
these it should be^what is known as zero oil, dr cold test oil, that is to 
say, that it should be capable of withstanding a very low temperature, 
without freezing, and it should be the best quality. American makers 
recommend the use of the best paraffin oil and clear West Virginia 
crude oil. 

Mr F. E. Matthews, in dealing with this subject in PQwer and the 
Engineer i I^ew York, says, that in order that the oils used in the 
systeiii shall not stiffen prohibitively at the low temperatures en- 
countered, and not be saponified by the ammonia, only very light mineral 
oils can be employed. Such oils range from 22'’ to 30" B4., corre- 
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spending to a specific gravity of from 0*924 to 0*88. These oils should 
have a cold test of about zero Fahrenheit, to obtain which they will 
have a flash point of between 310“ and 400° Fahr. This low flash point 
implies that a considerable amount of vapour will be given off at a 
much lower temperature. Since discharge temperatures of compression 
machines often approach these temperatu^ps, it is obvious that a con- 
siderable amount of oil will pass to the condenser, not as a liquid but 
as a vapour. Under such conditions, since there is no material cooling 
effqpt in the oil separator, only liquid oil would be precipitated at that 
point. 


Leaks tn Ammonia Apparatus. 

Leaks arci readily detected by the smell of the escaping ammonia 
gas when the machine is being filled ; at a later stage, when working, 
their detection is not so easy. During the opetation of the machine 
when the liquor or brine in the tanks commences to smell of ammonia 
it indicates a considerable leakage. It is recommended to test the 
liquor or brine periodi(;ally wuth Nessler’s solution or titherwise. 

Kessler’s reagent, which is the best to use for the discovery of 
traces of ammonia in water or brine, consists of 17 grins, of mercuric 
chlorijle dissolved in about 300 c.c. of distilled water, to wliich is added 
35 grins, potassium iodide dissolved in 100 c.c. of water, and constantly 
stirred until a slight permanent red precipitate is produced. To the 
solution thus formed is added 120 grms. of potassium hydrate dis- 
solved in about 200 c.c. of water, allowed to cool before mixing ; the 
amount is then made up to 1 litre, and mercuric chloride added until 
a permanent precipitate again forms. After standing for a sufficient 
time, the clear solution can be placed in gl ass-stopper erl blue bottles 
and kept in a dark place. 

If ti few drops of this reagent b(' added to a sample of the suspected 
brine or water in a test-tube, or other .small vessel, and the slightest 
trace of ammonia is present, a yellow coloration of the liquid will 
take place ; a large quantity of ammonia will produce a dark brown. 

When the leaks ape comparatively insignificant they can be closed 
in the usual way, by solder, using as a flux muriatic or hydrochloric 
acid killed with zinc. Tn some instances electric welding may be 
resorted to with advantage, or the leak may be closed by means of 
a composition of litharge and glycerine mixed into a stiff paste, bound 
with sheet rubber, and covered with sheet iron clamped firmly in 
position. When, however, the leak is at all serious it is usually the 
better plan to at once put in a new coil, or a new length of pipe. 
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Leaks in Caebonic Acid Machines. 

. To detect these, smear the joints with a solution of soap and water, 
and any leakage of gas will be evidenced by the formation of bubbles. 
Carbon dioxide or carbonic acid being a completely inodorous gas, 
precautions are required to prevent the occurrence of leakage. If the 
joints, however, are properly made to start with, they are found in 
practice, when once tight, to remain so for years. 


Effect op a Coating op Ice on Direct Expansion Pipes. Defrosting 
Refrigerating Coils. Incrustation on Condenser Coils. 

The effect of a coating of ice on direct expansion pipes, according 
to an authority (Mr F. E. Matthews) writing in Powe.r and the 
Engineer^ New York, may be shown as follows : — Assuming a heat 
transfer of 10 B.T.U. in round numbers per hour per square foot per 
degrefe\of tlifference in temperature inside and out, for a flat metallic 
refrigerating surface, and an equal amount of sheet ice 1 in. thick, 
it follows that the heat transmission through 1 sq. ft. of direct 
expansion cooling surface insulated with a layer of ice 1 in. thick will 
be only one-half that of the uncoated surface. As a matter of fact, 
it would seem from the context that the value of 10 B.T.U. given as 
the heat conductivity of ice applied to plate-ice conditions under which 
the wetted surface of the submerged ice will transmit materially more 
heat than a dry surface in contact with air. This would indicate that 
the decrease in heat-transmitting capacity of direct expansion surfaces 
in air due to a coating of ice is even more than 50 per cent. This 
condition will be partially offset by the fact that on account of the 
increasing diameter the layer of ice in the case of cylindrical surfaces 
sucR as pipes (which, together with the fact that such coatings usually 
present an irregular surface, further increase the heat-absorbing area) 
may increase ^the heat transmission suflSciently to make up for the 
lesser heat transfer between the air and dry ice, and make 60 per cent, 
at least a reasonable estimate of the loss in heat-absorbing capacity 
due to 1 in. of ice. 

tJnder average commercial conditions of intermittent frosting 
I sq. ft. of direct expansion surface in air is Usually credited with a 
heat transmission of only from 2 to 4 -B.T.tJ. per hour per degree 
diffei^noe in temperature. , 

jPrine ^ipes may be readily defrosted by tiie oirculation of 
This may he accomplished through the main feed and re|ujji: 
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headers where the operation does not have to be performed very 
frequently, or, as in abattoirs, where the exces.sive amounts of moisture 
from the hot meats to be chilled make the accumulation of frost very 
rapid, or by a separate set of defrosting headers. 

In the case of direct expansion coils, tlie defrosting method 
probably most satisfactory where the cold-storage temperatures are 
above 32° Fahr. is to instal sutticient coil surface to allow a part of 
the coils to be shut oflP at any time, so that the frost will melt without 
artificial heat, and at the same time produce a certain amount of 
useful refrigeration. If it is necessary to force the defrosting process 
by the use of outside lieat, a hot gas line from the condenser may be 
connected to thu liquid line connections to the separate coils just 
inside the expansion valves. The hot gas, after melting the ice as it 
passes through the coils, returns to the compressor together with the 
return gas from the remaining coils. 

Where the temperatures carriesi in ihe cold-stoivige compai’tmonts 
are below 32° Fahr., and in which the deirosting cannot bo effected 
without the use, of artificial heat, often very objectionable, two 
metliods are available, viz., that of forcibly removing the ice with 
scrapers, and that of suspending wver the pipes trays of calcium 
chloridt;. Tliis substance is an exceedingly deliquescent salt, which 
in absorbing moisture from the air forms a saturated calcium brine 
which freezes at a very low temperature. In trickling down ovoi the 
coils, the brine melts the ice, forming a more dilute brine, which is 
then conducted away to the sewer, or, if the quantities involved 
warrant the expendituri' of labour, may be evajiorated and the calcium 
chloride recovered. 

While the comparatively high working temperature of condenser 
coils, together with the usually ample provisions for draining each 
separate* coil, prevents the accumulation of such large quantities of oil 
as are often lodged in expansion coils, condenser coils are exposed 
to another .source of loss of ethciency from without, where the avail- 
able cooling water is abnormally hard or carries a large amount of 
suspended matter. Ammuiua condensers, and especially steam con- 
densers, soon bf‘come coated with a deposit of scale or mud, which, if 
not properly removed, becomes a more or less effective insulator 
according to the composition of the deposit. The heat conductivity 
of metallic surfaces is not the same per degree difference in temperature 
at medium and low as it is for high temperatures, and it does not 
therefore follow that the resistance offered by the scale accumulating 
on the outside of atmospheric and submerged ammonia and steam 
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Is the same as that of scale on the inside of It) 
However, some slight idea of the extent of the loss ma)r be- ( 
from the fact that in steam boiler practice, the insulating effeojs jtj 
scale results in thermal loss corresponding to 2 per cent.^of the 
for each in. in thickness of scale. Condenser surfaces like those Of ! 
steam boilers, expansion coils or any other heat-transmitting surfaces, 
should be kept as free as possible from deposits of foreign matter. 


Cold- Air Machines. • 

The proper management of cold-air machines is far simpler than 
that of those working on other principles, the exact treatment of each 
particular machine, however, varying of course somewhat with the 
make. In all machines, however, the parts most liable to give trouble 
are the valves, and these, as also the pistons and slide valves, should 
be periodically tested, and any defect promptly remedied. 


TESTING. 

The object of testing a refrigerating plant is in order to ascertain 
what it is capable of performing under comparable normal conditions, 
and as regards the amount of refrigeration produced in relation to the 
expenditure of work, and the coal consumption. 

To determine the efficiency of an installation on the compression 
system, the following fittings are required, viz., an indicator, so that 
diagrams can be taken from the compressor ; stroke counters, to enable 
the number of strokes made by the steam engine and brine pumps to 
be ascertained ; and mercury wells, to admit of the temperattfre being 
obtained at various points throughout the system. 

In making a test it is desirable that it should last at the very least 
for fully twelve houi’s, and it is better to carry it on for twenty-four* 
hours. The number of readings which it is desirable should be taken 
firqm the various instruments will vary in accordance with whether 
or not the work is steady or otherwise, and the person carrying out 
the test will have, of course, to use his own judgment on this head, 
Whei^ artificial ice is made, for example, -twice an hour will be sufficient 
ivhilst on the other hand, four or more readings per hour should he 
baken in oases where the variation in the temperature of the matewliaiji 
[o be cooled is >Hde. Indicator diagrams should be taken from bqjfeh!? 



cylinder and the compressor ' oyiihd^ ’1^; 

W^* ■ '. *' '■ 

'A mercury well, for a horizontal pipe, when the latter is of mdfi- 
rient dimepsions, is shown in Fig. 398. It consists in a short piece of ! 
tubing closed at its lower end, and fitted into the pipe by means of a 
suitable bushing. It is filled about three parts full of mercury, and 



Fig. 398. - Nh'rcury 

Well for Ilovizontal 
Pipe. Vertical 
Section. 



Figs. 399 and 400.— Mer- 
cury Well for Vertical 
Pipe, Vertical and Hori- 
zontal Sections. 


the thermometer, which Hlumld have an elongated cylindrical bulb, is 
held in position therein by means of a perforated cork. For vertical 
pipes, or pipes of very small dimensions, where this arrangement would 
be impracticable, tfie well is recommended by Mr Redwood^ to be 
formed (as shown in vertical and horizontal section in Figs. 399 and 
400) -by means of a wooden or other block, one side of which is 
shaped to the outline of the pipe to which it is to be applied, and has 
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a suitable recess formed in it. This block is firmly secured against the 
pipe by raetal straps in sucli a manner that a portion of the wall of the 
well will be formed by the pipe, the latter being scraped perfectly clean 
at that part. The joint between the block and the pipe must be made 
perfectly tight, which can easily be effected by means of a little white 
le^d paint, as there is no j)ressure, and the whole shoukl be surrounded 
by a thick layer of non-conducting composition, through which the 
stem of the thermometer is permitted to project. 

The points in the system where it is desirable to locate the mercury 
wells are : —The suction pipe just at its connection with the compres- 
sor ; the discharge pipe, as close as possible to its connection with the 
compressor ; the ammonia discharge pipe from the condenser, as near 
the latter as practicable. Where a brine circulation is employed 
The pipe or manifold supplying the various coils or sets of pipes in the 
refrigerator ; the discharge pipe of the refrigerator ; the brine discharge 
pipe, at the point where it connects to the refrigerator ; and the brine 
returriv pipe in proximity to where it connects with the refrigerator. 

An' excess condensing pressure is invariably found in ammonia 
compression machines. This excess of the actual working condensing 
pressure over the theoretical is caused by the ammonia gas being im- 
prisoned in the comparatively confined s]:>ace afibrded by the coils or 
pipes in the refrigerator, and the excess pressure is more marked in a 
horizontal compressor running at a high speed of, say, 140 revolutions 
per minute, than it is in vertical ones having only a low speed of from 
35 to 60 revolutions ])er minute; it varies, moreover, in almost every 
make of compressor. At a low suction pressure of about 15 lbs. it 
should not be more than 10 lbs., but with a suction pressure of, say, 
27 or 28 lbs. it may rise to 50 lbs., or even more. 

The condensing pressure affords a means of ascertaining whether 
or not the apparatus contains the pix>per full charge of ammonia, or if 
the losses sustained by leakage arc sufficient to render it necessary to 
insert an additional supply. For this reason it is advisable for the 
person in charge to keep a record in a proper book, suitably ruled for 
the purpose, of the temperature of the condensed ammonia when 
leaving the condenser, and also of the condensing and suction pressures, 
at regular intervals of, say, three hours. This will enable him to follow 
the state of the ammonia charge; for example, if the condensing 
pressure is found to be gradually falling during a three months’ period, 
as compared with the average condensing pressure of the previous three 
months, whilst at the same time the condensing temperature and the 
suction pressure remain constant, it will be evident that the charge 

' * • o n> 
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of ammoni|i has become reduced by leakage to a sufficient extent to 
require feplenishing. This reduction in the condensing pressure is 
caused by the diminution in the charge of ammonia giving larger con< 
denser spa^e, the gas having thus a much more extended worm, coil, or 
tube space wherein to condense and liquefy, and hence the decrease. 
As a general rule it may be taken tliat, whenever the condensing 
pressure is found to have fallen about 8 lbs., enough ammonia to restore 
the original condensing pressure should be inserted into the machine. 

The following method of testing the capacity of a refrigerating 
machine is given by Mr Constan/ Schmitz in the Kix und Kcdte 
Industrie :~ 

“ In testing the effective capacity and the consumption of power of 
a refrigerating inachine, it has been hitherto usual to take the amount 
of hea,t removed pen- hour, and the power consumed in indicated liorse- 
power. This, however, does not afford a latisfactory basis upon which 
to judge of tlu^ i-elative meiits of machines under test. If, for example, 
the theoretical capacit}^ of any particular refrigerating machine be 
taken, it will b(' ^ound in ev<ny instance that this capacity will not be 
reached in practical working.” 

A more satisfacti ry means of comparison is furnished by the results 
obtained from a large number of caloric production and power con- 
sumption tests, which, howe.ver, under varying working conditions, and 
foi different sizes of the machines, will not be found to correspond. 

To avoid, therofoi*e, possible mistakes, and to facilitate the wt)rk, 
the caloric production and the consumption of power should bo reduced 
to a special unit, and for this purpose the following method is 
proposed : — 

It is expressed in the following manner ; — 

U Specific refngerating efficiency . Q sp. 

That number of calories which is indicated per 1 cubic metre hourly 
volume of stroke of the compre.ssor, in the evaporator. 

2. Specific consumption of power sp. 

That numb(*r of horse-power which is indicated in the air com- 
pressor for 10,000 calories c'vaporator production. 

Let a compressor !iave, for instance, the following dimensions : — 


Cylinder diameter - 
Piston stroke 
Piston rod - 

Number of revolutions per minute 


G?- 250 mm. 
s-120 „ 

5= 55 „ 
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Then its hourly volume of stroke is : — 

V^lS.rM.TT. (2<f2-S2) = 156-920 cub. metres (and since 1,000 
cub. dm. = 1 cub. metre, also 1 litre = 1 cub. dm. we have ; V 
« 156,920 litres). 

Should now the evaporator productions per hour be found by Q2 = 
63,750 Cal, the specific refrigerating efficiency of the machine will be; — 

A 63,750 A/\p pi 1 


Should at the same time during the caloric trial 23*7 H.P. be 
indicated in the compressor, then the specific consumption of power 
will amount to ; — 


N sp. = 


0^000 

63,750 


3*72 H.P. 


If then, in addition to this, the evaporator temperature, that is the 
mean temperature of the volatile cold-producing agent or medium, and 
the liquefaction temperature in the condenser be given, four figures 
afford a practical demonstration of the performance of the machine in 
question. 

On the basis of these figures, refrigerating machines may %)e con- 
veniently compared as regards their productive (japacity. The com- 
parison as regards the^ specific refrigerating capacity Q sp. is, of course, 
only possible directly between machines constructed to operate on the 
same system, while the comparison as regards the specific amount of 
power required is rendered directly possible between machines con- 
structed to operate on any system. 


Interpretation of Compressor Diagrams. « 

The interpretation of a compressor diagram with respect to the 
working, valves, defects, &c., of the latter are given as follows by Hans 
Lorenz, in “Neuere Kuehlmaschinen,” Muenchen and Leipzig, 1899 
“ Assuming all the parts of the machine to be in good order, then 
the^diagrawi will have the general appearance shown in Fig. 401. The 
, suction line s is only slightly below the suction pressure line V, and the 
pressure line n is only slightly above the condenser pressure K. Small 
projections at the pressure and suction line indicate the work required .^ 
* open the compressor valves, and the effect of clearatice is shown bV 
the curve which latter cuts the back pressure line after the l^iston 
t ^las commenced to ^perform its return or back stroke, and cons^uehtl^ 
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l^eduoes th^ suction volume to that amount. It can also be seen from 
this diagram that the vapours are taken in by the compressor, not at 
tie back pressure, but at what may be called the suction pressurej 
which is somewhat lower. This is the reason that the compre^ion 
curve c does not intersect the back pressure line until after the piston 



Fig. 401.— Diagram from Com- 
preHSor in gofMl order. 


V 


atmosphmic mnb 


Fig. 40 l\— D iagram from Com- 
nresaor indicating an Exoes- 
live Amount of Clearance. 



hM changer! its riireetir.n ot movement. The theoretical volume of the 
compressor, as indicator! by the li.ro v, is consequently reduced m 
practi(»,l working frrr vapours possessing a certain tension. 

In Fig. 402 is shown a diagram taken from a compressor having an 



Fig. 403. —Diagram from Com- 
preasor indicating Binding of 
Pressure Valve. ^ 



ATMOOPHWnO UTMi 


Fig. 404.— Diagram from Com- 
pressor indicating too great 
a Resistance in Pressure and 
Suction Pipes. 


excessive amount of clearance. In this case, it wUl be 

expansion line h passes through a flat course, and thereby reduces, the 

useful volume of the compressor. 

Fig. 403 is a diagram which indicates the binding of the 
valv4 which may be due to an inclined position of the guide rod <a the 
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valve. This deficiency also frequently causes a delay in the opening of 
the pressure valves, a state of things indicated by a too great projection 
in the pn^ssure line. As soon as the valve is once opened the pressure 
line pursues its normal course until the piston commencies *it8 return 
stroke, when the defect is again manifested in the back pressure line, 
as mentioned. 




Fig. 405* — Diagram from Cnm- 
p'wssor indicating Binding of 
Suction Valve. 


Fig. 406.“ -Diagram from Com- 
pressor indicating Leaking of 
Compressor V^alve. 


Fig. 404 shows a diagram indicating too great a resistance in the 
pressure and suction pipes respectively, when the valves are over- 
weighted. In this case the pressure and suction lines are at a compara- 
tively great distance from the condenser pressure line and the back 
pressure line. The remedy for this is to replace the valve springs by 



Fig. 407. — Diagram from Compressor indicating Defective Packing of Piston. 

weaker ones ; and should there be then no marked effect, then the pipe 
lines and gutting-off valves should be inspected and, if found necessary, 
cleaned. 

Fig. 405 indicates the binding of the suction valve, by which a 
considerable decline is caused in the pressure at the beginning of the; 



MANAGEMENT & TESTING OF MACHINERY. 569 

suction, which is consequently shown by an increased projection in the ■ 
commencement of the suction line. At the beginning of compression 
this defect makes itself felt by causing a delay in the latter, which 
eifect is also shown on this diagram. 

Fig. 406 shows leaking of the compressor valvc^s. In this diagram 
the projections in tlie compression and sucthm line do not appear, but 
the compression line gradually merges intf) the pressure lino, and the 
back expansion line passes gi-adually into the .suction line. If the leak 
in* the pressure valve is the predominant one, then the compression* 
curve will be almost in a straight line and very steep ; if, on the 
contrary, the leak in the suction valve is the predominant one, then 
the compression line will run a nither Hat course. 

Fig. 407 indicates that tlu^ piston is not well packed, and being 
leaky, the vapours are ])ernntted to pass from one side of the piston 
to the other, thus causing a v(n’y gradual compression, and as a result 
a compression line having a flat course. On the othei' hand, a longer 
time will b(i taken befur(‘ the suction line reaches its normal level on 
the 1 ‘cturn or hackward stroke, inasmuch as the suction valve is pre- 
vented from opening until such time as the velocity of the piston 
becomes such, that the amount of . apoin-s leaking past the piston is 
itisuflicient in amount to fill the suction space. The jtressure then 
gradually diminishes and the suction valve begins to act, as is shown 
on the vliagram. 

It is to be und<‘rsto()d that .stjveral of the defects above-mentioned 
may exist at the sam(‘ time. 

Absohi'TJon Machines. 

Liquid anljydrous ammonia is supplied in iron or steel drums or 
flasks in which it >s contained at a pressure varying in accordance with 
the temperature of the liquid from 120 lbs, to 200 lbs, per square inch. 
This liquid is charged into the machine and is brought into contact 
with the substance to be cooled or frozen at a sufficiently low pressure 
to allow of its boiling-point being lower than the temperature at which 
the substance- t(j be treated has to be maintained. During normal 
working of an abgorptioi, machine the cold strong or rich liquor, or 
aqua ammopia, should contain about 60 per cent., and the hot poor 
or weak liquor, or aqua ammonia, about 20 per cent, of pure ammonia. 
This admits of calculating the amount of liquid required for a given 
amount of refrigeration. The pressure in the absorber is as a general 
rule maijitained at about 15 lbs. per square inch, that in the generator 
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may be anything between 110 Iba. to 180 lbs. per square inch in 
accordance with the temperature of the condensing water. To ensure 
these conditions strong ammonia liquor has to be pumped from the 
absorber into the generator, the small pump used for this purpose 
being the sole part of the system in motion, and corresponding practi- 
cally to the feed pump of a boiler. The strong or rich ammonia liquor 
is in as cold a condition as possible, and as its return in that condition 
to the generator would entail the consumption of more heat for evapora- 
tion, and a consequent larger expenditure of fuel, which entails expense, 
this strong ammonia liquor is first raised to as high a temperature as 
possible by passing it through an exchanger. In this latter the hot 
weak ammonia liquor passes from the bottom of the generator back to 
the absorber through a coil, the strong or rich ammonia liquor being 
conducted between the shell and the coil. The level of the liquor in 
the generator is maintained slightly above that of the heating coils. 
The ammonia gas driven off contains a certain amount of moisture, 
and it must be dried before passing to the condenser. This is effected 
in the rectifiei’, where the moisture in the gas is condensed by slightly 
heated condensing water and the gas merely cooled, the first returning 
to the analyser, and the second passing on to the top of the condenser 
to be condensed and liquefied. It is found advisable to further* cool 
the weak liquor in a double pipe weak liquor cooler before its return 
to the absorber. 

Amount of Watkr kkquired in Reprioebatino Apparatus. — 
Vulcan Iron Works. 

For each rated ton refrigerating capacity (twenty-four hours), allow 

gals, of 70° Fahr. Abater per minute for ammonia condenser. 

For' each rated ton ice-making capacity (twenty-four hours),*' can 
jsyfetem, with distilling and purifying apparatus, allow 3 to 4 gals, of 
70* Fahr. water gfer minute for all purposes. 

6 to 8 tons of ice can be produced for each ton of good coal 
consumed, depending upon the size and care of plant, &c. 

Determination op Moisture in Air (Siebel). 

The moisture in the atmosphere may be -determined by a wet bulb , 
^em^ometer, which is an ordinary thermometer the bulb of which is 
with muslin kept wet, and which is exposed to the air, the 
S|o^stture of which is to be ascertained. Owing to the evaporation of 
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the water on the muslin the thermometer will shortly acquire a- 
stationary temperature whicli is always lower than that of the sur* 
rounding air (except when the latter is actually saturated with 
moisture^ If t is the temperature of the atmosphere, and the 
temperature of the wet bulb thermometer in degrees - Celsius, the 
tension e of the aqueous vapour in the atmosphere is found by the 
formula — 

6 = 0-00077 K 

• 

bein| the maximum tension of aqueous vapour for the temperature 
as found in table and h the barometric height in millimetres. 

If ^2 is the maximum tension of aqueous vapour for the temperature 
iy the degree of saturation H is expressed by — 

and the dew point is also readily found in the same table, it being the 
temperature co responding to the tension e. 

^ Psych KOMKTKRs. 

Instead of the wet bulb. thermometer alone it is more convenient to 
use two exact thermometers combined (one with a wet bulb and the 
other with a dry bulb, to give the temperature of the air), to determine i 
the hygrometric condition of the atmosphere or of the air in a room. 
Instruments on this principle can be readily bought, and are called 
psychrometers. If they are arranged with a handle so that they can 
be whirled around, they are called “sling psychrometers.” These 
penjiit a quicker correct reading of the wet bulb thermometer than the 
plain psychrometor, in whicli the thermometers are stationary and are 
impracticable at a temperature below 32* Fahr., while the sling instru- 
ment can be read down to 27* Fahr. 

Hygrometers. 

While the term hygi : meter applies to all instruments calculated to 
ascertain the amount of moisture in the air, it is specifically used to 
designate instruments on which the degree of humidity can be read (M 
directly on a scale without calculation and table. Their operation is 
bwed on the change of the length of a hair or similar hygroscopic sub- 
stpee, under different conditions of humidity, 

’ • • f 
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The hygrometer of Marvin is a sling psychrometer of improved 
construction. 
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Table giving weights of aqueous vapour held in suspension by . 
100 lbs. of pure dry air wlien saturated, at different temperatures, and 
under the ordinaiy atmospheric pressure of 29‘9 in. of mercury {^Box 


'I’eniperAlure. 

W<;ii4hl of V.ipimi . 

'I'eiiiperalure. 

Wei);hl of Vapour. 

Fahi. degs. 

.... 

Falir. degs. 

Lbs. 

-20 

0*08a0 

102 

4*547 

10 

0 0574 

112 

6-253 

0 

0*0918 

1*22 

8*584 

1 10 

01418 

132 

11*771 

20 

0-22()5 

142 

16*170 

32 

0*379 

152 

22*465 

42 

o*.5ei 

162 

31*713 

1 :.2 

0*819 

172 

46*338 

02 

1179 

182 

71*300 

72 

1*680 

192 

122*643 

89 

2*361 

202 

280*230 

92 

3*289 

2i2 

Infinite 


The weight in lbs. of the vapour mixed with 100 lbs. of pure 
air at any given t/'»aperature and pressure is given by the formula : — 

* 62*3 E 29^9 

‘29'9-^E^ p ’ 

where E- elastic force of the vapour at the gi\en temperatui'e, in 
inchcvS of mercury (to be taken from tables), 

= absolute pressure in inches of mercury, 

= 29*9 for ordinary atmospheric pressure. 


•Electrical 'PEMPERATTniB Tell-Tales and Long Distance 
Tkermometers. 

At the West Hmitlitield Cold Meat Stores a system of electric tem- 
perature tell-tales, designed by Mr C. E. Vernon, were put in in 1896. 
These electrical therqjometcrs were on the multiple-wire system. Six 
wires, in conjunction with a Breguet spring or compound coil of hard 
brass and steel connected by a suitable link to an index hand or pointer, 
were required for a range of IT Fahr. with six points of contact with 
the instrument in the chamber, and a six-drop indicator in the engine- 
room. Eleven wires were required for a range of 20° Fahr., and it is 
evident that for a wide range the multiplicity of wires would form a 
seriouF objection. 
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, On the three-wire system the same compound coil of hard brass 
and steel was used. Instead, however, of a connecting link arid movable 
hand or pointer, the loose end of the coil liad attached to it at a given 
distance from an electromagnet a small bar of iron, and by reason of 
the unequal expansion and contraction of the two metals the distance 
between the bar and the magnet will vary in accordance with the tem- 
perature, and the amount of current required to draw down the bar to 
the magnet will be measured by the ampere-meter. The construction 
of this latter is such that on the bar touching the magnet a second 
circuit would be completed and the hand of the ampere-meter stopped 
at a given point. The ampere-meter is calibrated and marked off into 
degrees Fahrenheit, and a wide range in temperature is obtainable with 
only three wires readable at any distance and accurate to within a 
degree. 

A long distance thermometer which has been extensively used in 
cold stores is that devised by Mr A. P. Trotter. In this instrument a 
blind stem^ i.s placed alongside of the elongated capillary stem, the 
former having at its further end a scale tube corresponding exactly to 
that of the main thermometer. The action of this is that whatever 
variation in reading was produced by the varying temperatures passed 
through by the elongated capillary stem, the blind stem suffered like 
alterations of temperature, and a shifting scale adjusted by a thumb- 
, screw was in this manner established by means of which the fluctuations 
of the main instrument were accurately compensated for. 

The Thermograph. 

The thermograph or registering thermometer is a very useful instru- 
ment which enables a record to be kept of the exact temperature of a 
cold stoi^. On an ordinary pattern of instrument the record paper or 
card is secured round a drum or cylindrically-shaped body, so arranged 
that it will be sloVly rotated by a train of clock-work, which takes two 
weeks to run down, performing in this space of time one complete 
revolution. The diameter of the drum is 3J in. and the record fits ^ it 
accurately, the ends butting. 

Upon this record card or paper there rests gently a sloped pen 
bolding about a drop of ink, this pen being suspended on a slender 
arm attached to the base of the instrument, and the mechanism being 
irf suph a nature that the slightest rise or fall of temperature will affect 
ii, and will raise or lower the pen resting against the record paper or 
dard upon the drum or cylinder. 
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The ink line will start, from the top and thus indicate when the 
inatrumeilt was placed in the cold store or room, and the temperature 
will fall very rapidly at first and afterwards more gradually approximate 
itself to that of the store. 

The record paper or card is ruled with horizontal lines showing 
the temperature in degrees, and with vertical lines showing the days 
for a period of two weeks, each day being divided into six watches of 
four hours each, viz., midnight, 4 and 8 a.m., noon, 4 and 8 p.m., and 
midnight again. At the termination of every two weeks, the record 
paper or card, now forming a thermograph chart, must be removed, 
the clock work of the instrument be re-wound, and a new record paper 
or card placed in position on the drum or cylinder. 


The Telethermometer or Electrical Thermometer. 

The telethermometer or electrical thermometer is an instrument 
invented by Mr Chatwood and made by Messrs Kalder Brothers 
k Thompson, Ltd., London, for measuring the temperature of cold 
stores or rooms by moans of electricity. The apparatus is of the 
resistance type and consists of two main parts, viz., a resistance or 
temperature coil of fine wire and an indicator. The former, calibrated 
and encased in metal tubes open at the ends, is placed at a number 
of suitable parts in the cold store or room, and the latter, together 
with a multiple circuit switch, in the office or wherever it is desired 
to take the readings, and are connected by lead covered wires carried 
along the walls. A fine wire resistance placed across the 250 volt 
supply mains admits of a current at 30 volts being obtained from the 
terminals on this resistance. The indicator is calibrated directly in 
degrees Fahrenheit, and as the multiple point switch ib shifted from 
one •contact to another the temperatures can be read off on the 
indicator dial. The instrument works on the Wheatstone bridge 
principle, the temperature coil being one of the arms, and the other 
arms and the galvanometer being contained in the indicator case. 
The galvanometer is pf the moving coil type, so that when a voltage 
is applied to its terminals the indications are proportional to the 
change of resistance duo to the variation of the temperature of the 
coil. The scale is practically evenly divided over the whole range, and, 
as before stated, is calibrated to read directly in degrees Fahrenheit or 
Centigrade. To operate the instrument a pressure of about 30 volts 
continuous current is required, and this can be obtained, as above 
inei];tioned, either by tapping from a high resistance placed across the 
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.lighting mains or through a hand operated magneto generator. The 
instr ament is rendered independent of the applied voltage by means 
of an electro-magnetic controlling device located within the case, and 
variations of the pressure of the mains, or of the speed of the, magneto 
generator will be automatically e.ompensated for by this device. The 
temperature of any required number of diflerent rooms can be read 
with one indicator at any desired point, provided each room be 
provided with a temperature coil from which leads are carried to the 
indicator, and, moreover, as the instrument is a rapid dead-beat one, 
different temperatures can be read off successively without delay. The 
system is claimed to be simple, convenient, and accurate, also that a 
considerable saving of time can be effected by the use of tlu; instrument 
when the temperatures of .siiveral different rooms have to be recorded 
at regular intervals. 

The makers of this (dectrical thermometer guarantee the accuracy 
of the instrument to within a very small error. 


LKiiiTiNG Cold STouts. 

It is desirable that daylight should not be allowed to enter a . cold 
store, and therefore artificial light is usually resorted to, electric light 
being preferably employed, owing to there being practically an absence 
of heat therefrom. 

Incandescent lamps should be always used inside the cold stores, 
but arc lamps may be placed, if desired, in the (mgine-room, and 
employed for the external lighting of the premises. Lower voltage 
lamps are the most durable, and serve the purpose quite as well as 
those of a higher voltage. 

The mains should be kept as far as practicable in the corridors; and 
tinned cables of high conductivity and with rubber insulation should 
be employed. 

Iron piping, steel conduits, or wood casing may be used for carry- 
ing the main cables, the latter being the cheapest both in co^t of 
material and in fixing, and also lending itself more readily to any 
subsequent alterations that may become necessary. Steel conduits, 
however, possess several important advantages. The steel- armoured 
insulating conduit material now much usfed is installed in a similar 
manner to ordinary gas-pipe construction, the principal difference in 
electric piping being that specially insulated boxes, bends, elbows, (kc., 
are substituted for the ordinary tees or angles of a gas-pipe system. 
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The use of.the conduit system ensures a mechanically and electrically 
protective duct for the installation of the electric conductors. 

When wood casing is used, the interior should be painted with 
asbestos paint, and the cover fixed with brass screws on each edge, not 
in the central fillet. 

Iron piping has an internal lining of suitable insulating material, 
and is, as a rule, coated with a bituminous compound of some descrip- 
tion intended to act as a preservative. 

There are two systems of carrying out wiring now in use, viz., the 
tree system, and the distributing-board system. 

In the first of these, or the tree system, two main cables are carried 



^ Fig. 408.— Diagram illustrating Arrangement of Electric Lighting on the 
Series Circuit System. 



Fig. 409.— Diagram illustrating Arrangement of Electric Lighting on the 
Parallel Circuit System. 

through the building, the branch circuits bemg all taken from thew 
«ble8 or mains. In the second, or distributing-board [system, a ^n 
jwitdiboard is placed close to the dynamo, from which main switoh- 
Wrd cables are carried to supplementary distributing boards located 
at convenient points, from which the lamps are wired. 

An obvious advaatage oi this latter plan is that all the jomts are 
readily getatrable, being at the distributing boards and fittings. The 
Insulation of the cable is left completely intact. 

In <*““8 all ^ “ 

,«onle« left for the cable to pass over. The casing is ordinai«y se^ 
' ; W to the walls, floors, and orilings, and either on the snrfaoe, 

■’•37 
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partially sunk, or sunk flush therewith. In very damp ^ situations, 
however, the casing should be supported, so as to be clear of the 
surfaces, by means of small porcelain insulators. 

The circuits may be arranged either on the series system or on the 
parallel arrangement, the latter being the most common, and the former 
being, as a rule, only employed where a number of arc lamps are used. 
The series circuit and parallel circuit are shown in the diagrams 
(Figs. 408 and 409), the dynamos, main cables, lamps, and switches 
being indicated thereon. 

In the series circuit the current is maintained constant in value, 
the difference in pressure varying with the work on the circuit.. 

In the parallel circuit all the lamps are connected as separate 
paths between the two main leads, each path being quite independent 
of the other paths. The difference of electrical pressure is maintained 
constant, the current varying with the work that is on the circuit. 
The switching off of a lamp causes a break in the wires connecting the 
lamp to the circuit. 




CHAPTER XXI 


COST OF WORKING 


Main Items of Expense— Absorption Maeliines—Compicssion Machines— Vacuum 
Machines — Cold-Air Machines— Cost of Ice-Making. 

The cost of producing cold with any of the hereinbefore-described 
machines must of necessity vary in different localities in accordance 
with the prices of material and labour, and even in the same district 
with the fluctuations in the market, consequently any estimates made 
thereof can only apply to the particular case in point, and in others 
can bo taken a., approximate only. 

The main items of expemse in the production of cold by artificial 
means are fuel and skilled and other labour for operating the 
machinery, and in the manufacture of ice, for handling the latter. The 
degree of economy of working to which the apparatus has been brought, 
and the point to which the operation thereof has been rendered 
automatic, will naturally tend to minimise the cost of the production^ 
of cold and of ice-making, and the latter will also vary inversely with 
the power of the maclnm^, as the consumption of fuel and the number 
of attendants necessary to work the machinery do not increase in a 
ratio corresponding to the size thereof, and consequently those having 
the^ larger outputs require proportionately fewer operatives. The 
saving, moreover, under this latter head is the greatest in the more 
expensive skilled labour. For instance, an ammonia machine on either 
the absorption or compression principle, with a capacity of 1 ton of ice 
per twenty-four hours, requires the services of two engine-drivers and 
two labourers ; whilstf the same number of attendants can likewise work 
a 2 or a 5 ton machine, and the addition of a single labourer will be 
sufficient for either a 7^, lO; or 12 ton machine, and of three labourers 
for a 28-ton machine. The same skilled attendants are sufficient for 
a machine having an output of 50 tons per tyrenty-four hours. 

According to calculations made by Mr P. Colyer, M.In8t.C.E., in 
1884, from observations of the working of a Pontifox-Wood ammonia 
absorption machine of a capacity of 20 tons of can ice per twenty-four 
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hours, th^ cost of making ice, taking coals at London price, wap 4s. 9d. 
per ton, If, however, two machines were used the price would be reduced 
to 3s. 6d. per ton, and with coals at Glasgow price the cost would be 
further lowered, and would stand respectively at 3s. 7d. and 28.'10d, 
The cost of cooling water 10“ by the same machine he estimated to 
be *16 of a penny per barrel cooled. 

The calculations from which these figures were deduced include the 
cost of labour, coals, water, oil and sundries, repairs, loss of ammonia, 
5 per cent, interest on capital invested, and an allowance of 4 per cent! 
for depreciation. 

The cost of producing clear block ice in this country with an 
ammonia machine working on the absorption principle is given at a 
somewhat higher figure* by Mr Lightfoot, viz,, for a machine of 15 
tons capacity per twenty-four hours about 4s. per ton, and this 
estimate, moreover, is made on the assumption that good coals can be 
obtained aL 15ft. per ton, and is exclusive of any allowance for repairs 
and depreciation. 

The cost of producing ice with a Pontifex-Wood improved ammonia 
absorption machine is stated by the makers to be, for a machine having 
a capacity of 24 tons per twenty-four hours, allowing for labour, coals, 
oil, chemicals, and water (taking coals at 10s. a ton and water at*^6d. 
per 1,000 gallons), 2s. 0|d. per ton. With coals at 208. a ton it rises, 
however, to 28. lOJd. per ton. For a machine with a capacity of 15 
•tons per twenty-four hours, it is respectively, with coals at the above 
prices, 28. 7Jd. and 3s. 7|d. per ton. For a machine with a capacity 
of 9 ton? per twenty-four hours, 3s. 4d. and 4s. 5Jd. per ton. For a 
machine with a capacity of 6 tons per twenty-four hours, 4s. 5Jd. and 
8d. per ton. And for a machine with a capacity of 4 tons per 
twenty-four hours, fis. and fis. 3d. per ton. 

According to Mr Lightfoot t the action of, and losses experienced 
in working an ammonia absorption machine are as follows : — 

“Assuming the action of the economiser to be perfect— which, of 
course, is a condition never met with in practice — all the heat given 
. cyut by the steam in the generator-coils would be found in the watbr 
ij^ing from the condenser, less that portion directly lost by radiation 
ii(>d conduction. In this case the total heat expended would be that 
,^^uired to vaporise the ammonia, and the water, which, in the form 
,0^ st^uh, unavoidably passes off with the ammonia to the rectifier 

; plus the heat lost by radiation and conduction. Jn the 

* Proceidiki^^ Inatitution of MeckarUoal Engineers, 1886, p. 221, 

m 221. 
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refrigerator the liquid ammonia in becoming vaporised will take up 
the preeise quantity of heat that was given off during its cooling and 
liquefaction in the condenser, less the amount due to d^erenoe m 
pressure, and less also the small amount due to the difference m 
temperature between the vapour entering the condenwr and that leav- 
ing the refrigerator. Again, when the vapour enters into solutaon with 
the weak liquor in the absorber, the heat taken up in the refngerator 
is given to the cooling water, subject to slight corrections for differences 
of pressure and of temperature. Supposing there were no losres there- 
*fore, the heat given up by the steam in the generator, plus that taken 
up by the ammonia in the refrigerator, would be precisely equal to the 
amount taken off by the cooling water from the condenser, plus that 
taken off from the absorber. The sources of loss are ; mefSciency of 
the economiser; radiation and conduction from all vessels and pi^ 
that are above normal temperature ; useless evaporation of water which 
passes into the rectifier and condenser; conduction of heat into all 
vessels and pipes that are below normal temperature ; water passing 
into the refrigerator along with the liquid ammonia. 

“ It will h,.ve been seen that the heat demanded from the steam is 
very much greater in the absorption system than in the comp^oa 
This is chiefly due to die fact that in the absorption system the heat 
of ‘vaporisation acquired in the refrigerator is rejected in the absorber, 
so that the whole heat of vaporisation required to produce the ammonm 
vapour prior to condonsation, has to be supplied by the eW. In 
thrcompression system the vapour passes direct from the refngerator 
to the pump, and power has to be expended merely in 
pressure and temperature to a sufficient degree for f 
tion to occur at ordinary temperatures. On the 
advantage is gained in the absorption machine by using the dir^ 
heat of the steam without first converting it into mech^*ori wor , 
for in this way its latent heat of vaporisation can be utilired by com 
densing the steam in the coils, and letting it e^pe in the form rf 
water. Bach lb. of steam passed through can thus be made to gi _ 
UD some 950 units of heat; while in the steam-usmg being - lbs. rt 
0^1 per indicated horse-power per hour, about 
utilisS per lb. of steam, without allowance for mechanical ineffioie^. 

.u. a. »»ii.g 1- 1 . 

twice as touch heat as in the compression system, ow^ to ^ 

being twice, liquefied, namely, once in the ^den^ ^ 

once in the absorber. It is usual to pass the cond^sing watw fiwt 
toough the condenser and then through the absorber. 
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. The cost of ice-production with machines of the ammonia com- 
pression type is somewhat less on the whole than with those wof king on 
the absorption principle. 

The estimate given by the Pulsometer Engineering Co. as the 
approximate amount per ton of clear or crystal ice is — cost of coals, Is., 
all labour, including that of getting the ice out of the tanks. Is. 3d., 
and cost of ammonia lost through leakage, <kc., ;|d. per ton of ice 
made, or a total cost of 2 h. 3Jd. per ton. If an allowance of, say, 
lOd. per ton be added to this for interest and depreciation, repairs tq 
machinery, cost of water supply and sundries, this would increase the 
cost of production to about 3s. 2d. per ton. 

Mr Lightfoot states* that one ton of coal is capable of producing 
as much as 12 tons of ice in well-constructed ammonia compression 
apparatus, having a capacity of 15 tons per twenty-four hours; and 
with coals at 158. a ton, he estimates the cost of making ice by the 
ammonia compression system at about 3s. 9d. per ton for a pro- 
duction of 15 tons per twenty-four hours, exclusive, however, of any 
allowance for repairs and depreciation. 

The estimate given for the total cost of ice per ton, made by a Frick 
ammonia compression machine, is, for a daily production of 15 tons, 
6s. 2d. per ton of ice. The calculation, however, is got out at the 
much higher rate of wages paid in America, and if due allowance be 
made for this, and also for the falling off in efficiency of the machine, 
due to the greater heat of the climate in summer, the cost per ton 
*in this country would probably be something under 4s. If the capacity 
of the machine be 100 tons of ice per day, the cost per ton falls to 
3s. lid., or allowing for the larger item for labour, about 2 b. lOd. here. 

In an ether compression machine Mr Lightfoot accounts for the 
w6rk as follows : f — Friction. , Heat rejected during compression, 
Heat acquired by the refrigerating agent in passing through the pump, 
Work expended in discharging the compressed vapour from the pump. 
Against this he seta the work done by the vapour in entering the pump. 
Assuming that vapour alone enters the pump, the heat rejected in the 
oonden.ser he states to be : — Heat of vaporisation acquired in the refri 
* gerator, with the connection necessary for difference in pressure. And 
tbe heat acquired in the pump less the amount due to the difference 
between the temperature at which liquefaction occurs and that a1 
which the vapour entered the pump, and less ‘also the amount lost 
radiation and conduction between the pump and the condenser. 

* Proof edingst Institution of Mechamkal Engineers, p. 221. 
t Ibid, 1886, p. 214. 
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The mechanical work expended in compressing ammonia is to be 
accounted 'for in a precisely similar manner to that expended in the 
compression of ether. 

Notwithstanding, however, that the degree of compression is so 
much greater with ammonia than with ether, the energy expended in 
the compression, heating, and delivering of the gas is less, owing to 
the much smaller weight of ammonia required to produce a given 
refrigerating effect, the weights being in the reverse ratio of the heats 
of ^vaporisation, or as 1 to 5*45. For this reason the cost of making 
ice with ether is far higher than with ammonia, and assuming the coal 
consumption per I.H.P. to be 2 lbs. per hour and the price of 
coals 15s. a ton, the total cost of producing transparent block ice in 
this country on the ether .system would be about 5s. per ton, exclusive 
of any allowance for repairs and depreciation. The production of ice 
would be about 8*3 tons per ton of coal consumed. 

On the other hand, however, as alreai^y mentioned, ether machines, 
by reason of their low working pressures in the condensers, offer con- 
siderable advantages in hot climates, especially in the case of machines 
with small outpuLs, 

The expense of producing ice with the Tellier and Pictet machines 
is about the same. The results obtained with Pictet^s special liquid 
(combination of carbon dioxide and sulphur dioxide) is stated to equal 
a production of 35 tons of ice per ton of coal, but this is in all 
probability far in excess of any result obtained in actual working. 

It will be obvious that the arrangement made for the use of any 
particular machine acting on the principle of the abstraction of heat 
by the evaporation of a separate refrigerating agent of a more or less 
volatile nature, must have a very considerabh* effect upon its econo- 
mical working, and it is doubtless owing to the superiority of the fixing 
and manipulation, of the installation that so much better results are 
occasionally obtained in one case than in another, as, these things being 
equal, all first-rate machines of this class are about the same in point 
of economy. In relation to this it must also be borne in mind that 
the thickness of the block.s of ice that are being made exercises an 
important influence upon the time occupied in their production, for 
whereas a block 3 in. thick can be frozen in eight hours, a block 9 in. 
in thickness will require thirty-six hours. The time varying also, of 
course, more or less with the temperature of the brine. 

The cost of making a ton of opaque and porous ice with a vacuum 
nxachine such as the Windhausen is estimated * by Dr Hopkinson at 48. 

* Journal of the Society of Arts, 1882, vol. xxL, p. 20. 
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The amount of water required (including that used for cooling pur- 
poses) is stated* by Mr Pieper to be from 10 to 12 tons ^r ton of 
ice produced, and the fuel consumption 1 ton of coal for every 12 tons 
of ice. The fuel is required for the generation of steam to drive the 
vacuum pump and the air pump of the concentrator. The 'total heat 
which must be abstracted to produce a ton of ice from a ton of water 
at a temperature of 60° Pahr. is 382,144 units. The Windhausen 
machine is heavy, and takes up a considerable floor space, and the 
necessary outlay for keeping it in an efficient state of repair, even under 
the most favourable circumstances, must be high. 

The cost of making opaque ice by means of the Harrison (1878) 
patent vacuum apparatus would undoubtedly be lower than with the 
Windhausen machine, as the larger part of the friction, which forms a 
very considerable item of the loss in the latter, is got rid of, and a 
corresponding saving of fuel is thus effected. The expenditure of fuel 
for concentrating the acid is also entirely eliminated, much less water 
is require^ for cooling purposes, and the first cost and subsequent out- 
lay for repairs, <fcc., are likewise much less. It is stated that the 
inventor expected to be able to produce opaque ice on a large scale at 
a cost of about Is. per ton. 

The outlay per ton of ice made on the system of abstracting the 
heat by the rapid melting or liquefaction of a solid is the greater, and 
so much so that for producing ice on a commercial scale in this climate 
it is completely out of the running. The cost of making 15 tons of ice 
per twenty hours, with an apparatus working on a substantially 
similar principle to that of Sir William Siemens’, is stat^ to be Ys. 
per top with good coals at 15s. a ton, and not making any allowance 
whatever for depreciation, interest, repairs, (kc. 

' This estimate, moreover, is based upon the erroneous assumption 
that 1 lb. of coal is capable of evaporating 20 Ibg. of water, and it is 
^undoubtedly far too low. According to Mr lightfoot : t — ^ 

“ Nearly the whole of the coal is used for evaporating the water in 
recovering the salt, the quantity being given at 2J tons of coal for 
every 15 tons of ice. If, however, this has been calculated on an 
evaporative duty of 20 lbs. of water per lb. of coal, the amount 
^^tually used will probably be about 5 tons of coal, which would meJce , 
the cost per ton of ice 9s. 3d. instead of 7s. On the other hand» it 
must be r^embered that under certain climatic conditions much cl 
|he^ter could be evaporated in the open air, without the use of fuel^ ^ 

* Trmteuitiom of the Society of Skgineers, 1882, p. 146. 

f pTim^dkigei J'Mtitviwfi of Mechanical Engineers, 1886, p, 204, 
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in which case the coal consumption, and therefore the cost of ice 
production, would be greatly lessened.” 

As regards the capacity, &c., of cold-air machines, those of the Haslam 
type vary from an ice equivalent of one- third of a ton, requiring 4 I.H.P. 
at average speed, or 9 1.H.P. at maximum speed, and delivering 2,000 cub. 
ft. per hour (capacity of compressor in cubic feet per hour, 2,500), up to 
an ice equivalent of 60 tons, requiring 460 I.H.P. at average speed, or 
566 I.H.P. at maximum speed, and delivering 300,000 cub. ft. of air 
per hour (capacity of compressor in cubic feet per hour, 353,000). This 
lalter machine is of the quadruple duplex condensing type. 

It has been stated * by Mr Lightfoot that with the best machines 
of large size then (1886) made, a weight of 1,000 lbs. of air per hour 
could be reduced from 60“ above to 80“ below zero, the cooling water 
being at 60“ Fahr., with an expenditure of about 18 I.H.P. That is to 
say, that an abstraction of 916 units of heat is effected to each pound 
of coal used, with an engine consuming 2 lbs. of coal per I.H.P. per hour. 

The results of later test experiments made with Messrs F. & W. 
Cole’s “Arctic” dry cold-air machines will be found on page 244. 

For Haslam’: formula to enable the amount of air delivered by a 
cold-air machine per hour to be ascerlained, the revolutions and size of 
the compressor being known, see page 245. 

Comparison op Coal Consumption by Various Machines 
[Gardner T. Voorhees). 

Net Tons of 
Ice, per 
Ton of Coal, 

Oompresaiou, simple Corliss engim-, non-condensing 6’1 
Compression, compound Corliss engine, non -con- 
densing - - ■ - - ■ 8'3 

Absorption, liquor pump and auxiliaries not ex- 
• hausting i^^to'geiierator, simple non condensing 

engine - - - * - ■ 10*0 

Compression, compound condensing engine - 11*2 

Absorption, liquor pump and all auxiliaries ex- 
hausting into generator, simple Corliss engine, 
non-condensing - - * , * , ' ^ 

Compression and absorption, simple Corliss engine, 

non-oondensing - - - - • 13 '4 

Compression apd absorption, compound engine, 

non-oondensing - - - - - 16’0 

The following tables giving the approximate cost of ice-making in 
the United States are respectively by the Frick Co. and the Triumph 
Ice Machine Co. : — 

ProceediiigSf Iiietitution of Mecfcaniccd Eiigineertf 1886, p. 230. 


Per cent, of 
Ice bjr 
Absorption 
Machine. 


67-6 

60-8 



IcB Maotfactuke. — Approximate Cost of Operating Ice Factories (Frick Co., U.S.). 
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CHAPTER XXII 


THE PRODUCTION OF VERY LOW TEMPERATURES 

Early Investigators and Experimenters — The Cascade System — The Regenerative 
Method— Properties of Liquid Air— Physical Constants of Liquefied, Gases. 

Early Investigators and Experimenters. 

The Cascade System. 

The first ifexperimenters in the liquefaction of gases were Mouge Rnd 
Clouet '^before 1800, who succeeded in liquefying sulphur dioxide; 
Northmore in 1805, who liquefied chlorine and sulphurous acids; 
Faraday, 1823, who liquefied chlorine sulphuret of hydrogen, carbon 
dioxide, nitrous oxide, cyanogen, ammonia, and hydrochloride acid. 
Habrier, Natteur, Andrews, and Siemens, the latter making, ih a pro- 
visional application filed in 1857, the suggestion that refrigeration 
might be produced by expanding a compressed gas either in a cylinder 
doing work or freely to a lower pressure, and using this cold gas to 
cool before expansion the gas coming to the apparatus. This, it will be 
seen, is the basis upon which the latest investigators have proceeded, 
and which has admitted in the closing years of the last century of the 
liquefaction of all gases being effected. 

In 1878 Cailletet and Pictet, working quite independently i of each 
other, succeeded in liquefying certain of the so-called permanent gases. 

The method, employed by the first was to compress the gas under 
very high pressure, cool it moderately, so tliat it was still above ita 
critical temperature, and then allow it to expand suddenly by opening 
a cook or valve by which the pressure on the gas was relieved, doing 
work -Bgainst a column of mercury which formed the equivalent, of ft 
* piston for compressing the gas. In this manner the gas cooled itself 
the expansion being sudden and almost adiabatic, and the temperature r 
wa^i reduced below the critical point, whilst the pressure was stft^: 
suAciently high to liquefy the gas at the temperature which it hadii«./ 
then acquired. 
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Caill^t in the above manner experimented with various gases, 
amongst ottiers nitrous oxide or laughing-gas, acetylene, and carbon 
monoxide, and succeeded in obtaining a mist of hydrogen. He was t e 
first to use liquid ethylene as a cooling agent. 

The second, or Pictet, on the other hand employed what 
styled the cascade or successive cycle system, and is described by 

Professor Ewing as follows : * — 

“The general idea of this method is illustrated in hig. 
Imag?ne a refrigerating agent, such as carbonic acid, to have been 



Fi 2 410.— Diagram illustrating the Cascade or Successive Cycle System of 
, pr(fJucing Veiy Low Temperatures. 


compressed' and to expand through a valve into the ehamW a, whe^ 
it ovapotates. In the example, as sketched, it w evaporating into t 
itmosphere. When carbonic acid evaporates freely to the atmosphere, 
% falls to a temperature of about - 80” Cent. It could be m^e to go 
wr Ir more lowL by uiing an air pump to preserve a partial vacuum 

, a. ^ 

!Sh is indicated in the sketch is ethylene, which was not used by 
* JMtraal of the Society of Arts, I7th September 1897. 
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Pictet, but has come into use subsequently and has done good service 
in the hands especially of Professor Dewar. It forms a convenient 
intermediate link between the comparatively easily liquefiable carbonic 
acid and the much more difficult oxygen. Ethylene has a critical 
temperature of -10“ Cent., and needs only moderate pressure to liquefy it 
when exposed to a temperature of - 80“ Cent. It is pumped at the 
necessary pressure into the inner vessel at a, and is there liquefied and 
passes through an expansion valve to the outer vessel at b, where it 
evaporates. The pressure in b is supposed to be kept at somefbhing 
not much over 1 in. of mercury, and in that case the temperature 
reached by the ethylene in evaporating will be -1 30“ Cent. After expan- 
sion it is re-compressed, so that the part of the apparatus in which the 
ethylene is carried through its cycle may simply be regarded as a 
separate vapour compression refrigerating machine, the same as the 
ordinary machine using ammonia or carbonic acid ; B is the refrigerator 
and A is the condenser. 

“ The remainder of the apparatus is another similar machine, using 
in thh case oxygen as its working substance, and with b as its condenser. 
The critical temperature of oxygen is about - 150“ Cent., and as the 
temperature in b is lower than that, the oxygen liquefies when com- 
pressed into the inner vessel at b. A moderate pressure of 20 or 30 
atmospheres suffices. The liquid oxygen may be passed through a 
valve and evapoi’ated again in the vessel c, and in that way a tem- 
perature of - 200“ Cent, or lower can be reached, the temperature, of 
course, in this last vessel depending on the pressure in it, and con- 
sequently on the rapidity with which the pump worked. By working 
the pump tolerably fast to preserve a good vacuum in c, we can get 
down to something like - 220“, or even - 225“, Cent., a temperature 
which is no very long way above the absolute zero -273“ Cent. In 
Pictet’s cascade of successive cycles, the substances used were sulphurous 
acid and carbonic acid. The ethylene is a useful addition, as giving 
readily a temperature considerably below the critical point of oxygen. 
Without it, hewever, Pictet succeeded in liquefying oxygen by the 
device of letting it suddenly escape when under high pressure, and 
after being cooled as far as the carbonic acid would cool it.” 

IJurther experiments, made during the next decade by the two 
Polish chemists, Wroblewski and Olszewski, working together and 
using Cailletet’s type of apparatus, and latterly Pictet’s cascade system, 
for cooling the compression tube, confirmed the results obtained by 
CaiUetet and Pictet on hydrogen in 1884. ^ 

> In this year (1884) Professor Dewar demonstrated at the* Royal 1 
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Institutioij that liquid air oould be produced by the u»e of solid^ carbon 
dioxide and nitrous oxide as cooling agents, giving - 184 Fahr. 

( - 120° Cent.). With a compression to 200 atmospheres, and subsequent 
expansion?, about 5 per cent, of the air compressed was liquefied. 

Professor Dewar also devised the vacuum flasks for holding liquid 
gases which bear his name, and which consist of two glass walls with a 
sealed space between from which the air has been completely 
exhausted, and which consequently acts as the best possible insulator 
Bif the addition to the vacuum-jacket of a him of mercury spread 
over the surface of the glass on the inner side of the outermost 
wall, a bright surface is produced which reduces the absorption 
of hUt by the latter, and permits much less radiation to pass through. 

' This vacuum vessel enables the rate of evaporation of a liquid gas to 
be reduced from one-fifth to one-sixth of that which would take place 
in the open air, and if the inner wall bo coated as above descried 
with mercury to form a heat mirror, the heat evaporation will then 
be only from one-twentmth to one-thirty-third that of the free rate. 
Until quite recen'ly these flasks were the means by which liquid gases 
were handled and maintained in a static form. 

Subsequently 0!,;iewski, after Wroblewski s death in 1888, replaceo 
the ^ass tube of Cailletet by a steel one fitted with a stop-cock, 
and obtained enough liquids to be handled in Dewar flasks. 

Discarding after a time the Cailletet apparatus, as altered by 
Wroblewski, Dewar employed the Pictet apparatus, using, however, 
pumps to compress the gases previously made, and force them into the 
liquefying chamber, and bo also employed ethylene in plime of carbon 
dLide, placed the draw-off cock within the cooling cham^r, and 
still later adopted the regenerative principle suggested by ^““ens, 
for cooling the chamber in the case of hydrogen hqucfactioin In 1895 
Dewa*r demonstrdteJ’ that air in the liquid form could be frosen to a 
jelly-like -‘solid by the expansion method, this jelly proving to be a 
mass of nitrogen with the liquid oxygen of the air contained in the 
Lfstices; this solid air melts instantly on contact with the atmo- 
snhere In 1896 he effebted the production of a jet of liquid hydrogen 
by means of the expansion of the cooled and compressed gas, and 
by the use of this hydrogen jet, oxygen and air were frozen to a solid 
white mass. . In 1898 Dewar succeeded in collecting hydrogen m a 
«f«Hc condition and in keeping it in this form by the use of one of his 

.1 -396%- r.l,r. ( - 23B- 0„t), col, ec FU,,. 

"il* “ ”"•* 
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Onnes of Leyden, and Moissau, the latter investigator together with 
Dewar having succeeded in liquefying fluorine, the last of the elements 
to yield. 

A considerable amount of attention, it is true, was devoted to 
the production of liquid air by the above-mentioned investigaitors, 
especially by Professor Dewar, but they were primarily interested in the 
scientific investigation of the properties of the elementary gases, and 
the former has been more particularly dealt with by Linde, Hampson, 
and Tripler, who have all been experimenting especially with a vifew 
to the simplification and cheapening of the production of liquid air 
in order that it might be made on a commercial scale, and they,have 
all been working on the lines of direct regenerative action which was 
proposed by the late Sir William Siemens forty-four years ago. In this ' 
direction it should be stated that Professor Dewar had also been work- 
ing, combining cooling with a separate fluid, his experiments being, 
however, on a smaller scale suitable for a chemical laboratory. 

The Reqenbeative Method. 

As has been already mentioned, Siemens was the first to use 
the regenerative process, and in the specification of the provisional 
application already referred to he describes the employment of an 
interchanger to extract cold from the air already cooled by the refri- 
gerating machine, and thereby to cool the air which is on its way to 
be expanded. Siemens especially pointed out that theoretically, 
at least, no limit existed to the degree of cold which could be produced 
by the use of such an interchanger, and after giving an example of the 
temperatures that might b© expected in a particular instance, he says : 
‘*^These temperatures are mentioned, not as absolute temperatures, 
but to show that the principle of the invention is adapted to produce 
ah accumulated e^ect or an indefinite reduction of temperature.” 

Siemens’ idea, observes Professor Ewing, was that the compressed air 
should pass through this interchanger, and should then be caused to do 
work in an expansion cylinder. This expansion would chill it, and dt 
would IJien pass again through the interchanger, giving up its oold 
through the interchknger to the next succeeding supply of compressed 
air. The effect would be to make each fresh supply, on its way to the 
expansion oyUnder, a little cc^der than the l^t. The cumulative &ll 
dnd^eulperature resulting from this would only be limited by accidental 
due to (kmduction ol heat from outside and to heat developed 
fiction within the machine. 



VERY LOW TEMPERATURES. 


593 


la 1885 Solway took out a patent for an apparatus and process . 
for producing, applying, and keeping up extreme temperatures by 
means of a regenerative method somewhat akin to that of Siemens, 
only that he employed a regenerator instead of an iiiterchanger. With 
this apparatus Solway succeeded in reaching a temperature of about 
- 95° Cent., at which he found tlie losses of cold balanced the gains. 

In 1892 Windhausen obtained a patent for an apparatus for the 
production of extreme degrees of cold with an interchanger sub- 
stantially .similar to that of Siemens, but employed in combination 
with an expansion cylinder. With this he obtained about the same 
degree of temperature as Solway, and this apparatus is said to be 
now in use on a commercial scale for such processes as the extraction 
jOf benzol from the mixed gases which are given off by the distillation 
of coal. 

The particular workers in this field, howe'w, who have aimed at 
the simplification and cheapening of the production of liquid air, so 
that it might be made commercially useful, are, to take them in the 
order of their applications for patents, Tripler, Hampson, and Linde. 
Tripler’s English patents were filed in 1891, Dr William Hampson’s on 
ihe 23rd May 1895, and Dr Linde's three weeks later in the same 
year. A good deal of discussion has taken place as to which of these 
three should have assigned to them the real credit of having first pro- 
duced a practical machine. It is averred by some that the apparatus 
described by Tripler was impracticable, and by others that Hampson^s 
provisional specification was very brief, and so vague as to indicate 
but little. It certainly appears that the first to produce a practical 
working apparatus was Dr Linde, although he was the last to proceed 
to the Patent Office for protection; it is on ucord that his apparatus, 
in a practical and workable form, was produced in the summer of 1893. 
Mr Tripler has been l efused a patent by the U.S. Patent Office. 

The principle of the regenerative method of producing very low 
temperatures is, says Mr A. L. Rice, in a paper read before the 
American Society of Mechanical Engineers, December 1899, a perfect 
gas expanding to do wprk loses heat ; if this cooled gas be exhausted, 
so as to jacket the pipe through which the incoming gas enters, it will 
cool that incoming gas ; ^he process is cumulative without limit, if 
the machinery is Irictionless and insulated against heat from the 
surrounding 'objects. Solway built a machine on this principle, but 
was unable to get lower than -139° Fahr. (-95° Cent.), on account 
of the heat due to the friction of the pistons and to conduction. 

In a perfect gas no lowering of the temperature would result from 
^8 
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•lowering of the pressure by free expansion, but none of the soiled 
gases are perfect, and all are cooled somewhat by expansion through aa 
orifice. Joule and Kelvin found that with air the fall of temperature is 
about -45° Fahr. (4° Cent.), for each atmosphere difference of pressure 
at the orifice at ordinary temperatures, and that the effect increases 
as the temperature falls, because the gases are coming more near y 
to the vaporous state. If, then, air be compressed to a high pr^sure, 
and be allowed to expand through a small orifice, it will heroine 
considerably cooled, and may be used to cool the incoming air, w ip , 



in turn, wUl lose heat by expansion. The process may be carried mi 
until some of the air, on or before leaving the orifice, is liquefied. . 

Hfr Tripler’s apparatus is shoivn in .Fig. 411, and, as deroril^ PJ 
Mr Bice, “consists of a three-stage compressor, drawing air direotlj 
from the atmosphere, and driven by a steam engine. The air “ 
first into Bie low-pressure cylinder, where -it is compressed to 66 Iro 
par square indi. It is then sent through an intercooler to reduce 
temperature to that of the atmosphere, and taken into the intermediate 
pressure cyUnder ;.froim that, at a pressure of 400 lbs., it is tafcei 
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tiirou|;h a second intercooler bo the high-pressure cylinder, where it 
forced up* to 2,000 to 2,500 lbs., and thence sent to the after-cooler 
to be reduced again to the temperature of the atmosphere. The air 
is passed through a separator to take out all moisture, and then passes 
to. storage tubes in which compressed air, not in* the liquid form, 
,may be kept. The liquefier is Mr Tripler’s special invention. This 
takes the air from the separator, and by expansion through a coil 
of pipe and a small orifice, cools it to a low temperature. It passes 
upb around the coil of pipe, cooling the air inside, and thus gives the 
regenerative action. The expansion valve is placed at a little distance 
above the bottom of the coil, so that some liquid air collects in the 
bottom of the latter, and thus serves to further cool the air as it comes 
»to the expansion cock. The air which is to be drawn off collects in 
the liquefier just below the expansion valve, and may be drawn off at 
will. The expanded air escapes to the atmosphere after having been 
used to cool the coil of the liquefier. The capacity of the present 
plant is 2 or 4 gals, per hour, and the ice will begin to liquefy in 
fifteen minutes after the starting up. No data are available as to the 
power used in the compression.” 

The provisional specification of Dr William Hampson’s 1 895 patent 
was, |i8 above mentioned, extremely brief, and the following is the 
text in extenso : — 

“The usual cycle of compressing, cooling and expansion, is modified 
by using all the gas after its expansion, to reduce as nearly as possible 
to its own temperature the compressed gas which is on its way to be 
expanded. With this object all the expanded gas surrounds the pipe 
or pipes of compressed gas through all their length from the point of 
expansion to the point of normal temperature, and the length of pipe 
is sufljcient to allow of the fullest possible interchange of temperatures 
between t}ie compiessed and expanded gas.” 

, In a subsequent patent the improved apparatus shown in vertical 
and horizontal sections in Figs. 412 and 413 is described. In this 
apparatus the interchanger is made with a tube or tubes coiled into 
^itals, the convolutions of which are separated by very narrow spaces, 
and with the coils Jying one upon the other. The space between ihe 
tubes does not exceed in. The gas after compression is purified 
by caustic potash or the like. The vacuum vessel 7 is supported by a 
cap 2 inside concentric glass tubes mounted between rings 3 and 5 held 

a frame 4. Insulating or tight joints may be made at 5, 6, 7, 8, 
(Jfeld jparbonic acid or the like is passed on to the coils in the nei^- 
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' bourhood of the expansion joint, and thence over their other ’parts 
before beginning expansion of compressed gas, and the arrangement 

shown in Fig. 413 is used 
for supplying , the cold 
carbonic acid free from 
solid particles. In this, 
the gas expands from the 
valve 7, which is kept at 
a proper temperature »by 
a stream of warmer gas 
from the valve 2, and 
then any solid material 
is removed by filtering--^ 
material 4 from the 
vapour which is led away 
by the pipe, &c., 7. 

Fig. 414 represents 
the 1898 type of the 
Linde apparatus, as de- 
picted in Mr Rice’s 
paper, and which ap- 
paratus only differs in a 
few minor details from 
that made in 1893. It 
has been already stated 
that the fall of tempera- 
ture is proportional to 
the difference of pres- 
sures at the orifice, and 
this‘ difference sLould, 
therefore, be large; the 
work required to com- 
press the air again will 
depend upon the ,ratio 
of the pressures, that is 
to say, upon the rdtio 
of compression, and 
should be as small as 
possible. This necessi- 
tates that both pressures l)e high for the most economical working,*^' 
and, therefore^ Linde works his machine between 200 atmospheres and. 




Figs. 412 and 413.— Hampson’s Apparatus for tire 
Production of Very Low Temperatures by the 
Regenerative Method. Verticaland Horizontal' 
Sections. 
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16 atmospheres for all the air by expanding through the valve marked 
a. One-fifth is then expanded to 1 atmosphere through the valve b 
so as to cool it still further, and about one-fourth of this amount 
is condensed. The expanded air is sent back in the outer pipes as 
shown, the part which is at 16 atmospheres to the compression pump, 
and the rest to the atmospheres. / is a separator and g a freezing 



Fig. 414. —Linde’s Apparatus for the Production of Very Low Temperatures by 
the Regenerative Process. Sectional Elevation. 

bath, both being used to remove the moisture from the air. d is the 
compression pump, and e a pump for supplying at 16 atmospheres as 
much air as escapes at b. c is the receptacle for the liquid air. In 
the earlier ■ form of the machine none of the air was expanded 
below 50 atmospheres, and the air was cooled by a surface condenser 
supplied with water. With this apparatus about *9 quart of liquid 
can be obtained per hour with the use of 3 H.P., this being about 





VERY LOW TEMPERATURES. 509 

5 per. cent, of the air handled, the first liquid will appear about two 
hours, aftet starting up the machine. 

The iollowing extended extract from Mr Rice’s paper regarding the 
properties of liquid air will be of interest : — 

** The physical constants which have been determined with regard 
to the liquefied gases are given in the foregoing table, which was pre- 
pared by Mr Walter Dickerson. It will be noted that the order of the 
liquefaction of the gases historically is almost exactly that of the de- 
scending critical temperatures. It is the attaining of alow temperature 
limit that has taken all the time and study that has been devoted to 
this matter. Some of the gases when in the liquid form are lighter, 
and some heavier than water, as shown by the values of specific 
"{gravity ; of the constituents of air, nitrogen is lighter and oxygen is 
heavier j the mixture, containing four-fifths nitrogen and one-fifth 
oxygen, is a little lighter than water. ‘ 

“Professor Jacobus and Mr Dickerson have found the latent heat 
of air at atmospheric pressure to be about 140 British thermal units, 
but this figure h stated as only a rough approximation. This is about 
the only value which has been determined with regard to air in the 
intermediate or vaporous state. 

‘VAny calculations as to the efficiency of (liquid air as a fluid for a 
prime mover must necessarily be only approximate. The approxima- 
tions can, however, be made on the right side, and the air given the 
benefit of the doubt. 

“Professor Henry Morton has recently made some calculations 
regarding the maximum amount of power which could bo obtained by 
the expansion of 1 lb. of liquid air under certain circumstances. The 
same hypothesis which he used will be assumed and his figures adopted. 

“^Suppose 1 lb. of liquid air to be confined in a cylinder and heated 
to 70“ Fahr., then let it expand at 70“ to atmospheric pressure, 
the expansion .to be hyperbolic. It is not known what the volume of 
the ail* will be at 70* before expanding, but it is certain that its ratio of 
ei^pansion will be less than it would be if expanding from the volume 
of the liquid at -3 12“'' to the volume of the gas at 70“ and atmospheric 
pressure. This ratio is something less than 800, hence we will call the 
ribio of expansion’^ 800. The volume of 1 lb. of air at 70“ Fahr, 
and atmospheric pressure is 13*36 cub. ft. 

“ The work done in a hyperbolic expansion is 
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When = final pressure per square foot = 2, 117 lbs. . 
= final pressure volume = 13*36 cub. ft.* 

R = ^2 _ ratio of expansion. 

W = 2,117 X 13*36x6*685 = 188,000 fUbs. 

= *095 = horse-power per pound of air used per hour, 
60x33,000 IFF F > 

and 10*55 lbs. of air per horse-power per hour, 

*095 


if the terminal pressure equals the back pressure, no compression and 
no clearance being considered. 

“ This result cannot, of course, be realised, for there are many 
sources of loss which cannot be avoided, and which will make this figure ^ 
for the weight of air per horse-power hour much higher. However, 
even if it could be realised in actual practice, it is only just inside of 
the figure which has been obtained in our best steam engines under 
practical working conditions. 

In these figures the liquid is considered simply as a storage medium 
for energy, and no account is taken of the amount of heat necessary to 
develop or store the energy. 

“ In order to get a comparative idea as to the relative values of liquid 
air and vrater for power storage, two similar cycles for water will be 
calculated, and comparative figures obtained. 

“The range of temperature in the cycle taken for air is from -312“ 
to 70°, or 382°. 

“ Starting with water and heating it to 504° un.der 700 lbs. pressure 
absolute, and expanding it to 2 lbs. pressure absolute and 126° Fahr., 
gives a range of temperature slightly less, viz., 378". The ratio of 
expansion will be 254. This final volume of 1 lb. is 172 cub. ft.^ and 
considering the expansion to be hyperbolic, we have—* 

288 X 173 X 5*59 = 280,000 ft.-lbs. 

*1415 H.P. per pound of water used per hour, 

7 *08 lbs. of water per horse-power per hour. 


280,000 


and 


60 X 33,000 

— L- 

*1415^ 


“ By heating the water to 546° undei; 1,000 lbs. pressure and 
expanding to atmospheric pressure the range of temperature would be 
still less, or about 334°. 

“ The final volume would be 26*3 cub. ft. 
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Ratio of expansion 55. 

W = 2L7 X 26-3 x 4*04 = 225,000 ft.-lbs. 

^25,000 _ jj p pgj, pound of water used per hour. 


60 X 33,000 
I 


•1139 


= 8*8 lbs. water per horse-power per hour. 


“From these figures it will be seen that under the conditions assumed 
•water will give ofi* from 20 per cent, to 50 per cent, more energy than 
liquid air, during expansion through equal temperature ranges. The 
possibility of the use of liquid air in a prime mover comes from the 
fact that the upper temperature limit for the range assumed is so low as 
compared with that for the steam. The upper limit for the air is at 
70° Fahr. or 531" absolute, and the possible thermal efficiency is f 
= *72 ; for the water the upper limit is 504" Fahr., or 965° Fahr., and 
the possible efficiency is = If the efficiency of the liquid is 
in any way comparable with that which can be gotten from steam in 
the steam engine, the efficiency of the air engine should be good. The 
cost of production of a pound of air would be much greater than that 
of a pound of steam, so that to be a commercial factor, the efficiency 
of the air engine would have to be much greater than that of the steam 
engine. Whether this can be accomplished the future alone must 
decide. 

^As to other uses, refrigeration, medical cautery, prevention of , 
chemical action, explosive compounds, reduction of resistance of con- 
ductors for electricity, and use for prevention of the ill-effects of 
anseathetics have been suggested, and others will doubtless develop 
as experiments are tried. It is only within a few months that the 
liquid could be obtained at a cost that allowed of trial of its properties 
for any except ■acfpntific purposes where no possible financial return 
was to fce expected, and cost was a secondary consideration. With a 
largo supply available, rapid development may be looked for, and new 
uses will be constantly discovered.” 
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A bsolute pressure and tempera- 
ture, 9 

— zero, 9, 10 

Absorber for absorption machine, 177, 
178, 18:i, 184, 185, 197 
Absorption and binary absorption pro- 
cess, 174-210 

- - machine, refrigeration by, 274 

in butter works, 402 

— system, the, 20, 174-210, 274, 509, 570 
Abstraction of heat by compressing air, 
211-245 

by evaporation of liquid to be 

cooled, 2(.J, 25-33 

by evaporation and mechanical 

compression of a separate refriger- 
a^ng agent, 20, 34-151 

by evaporation and re-absorption 

of a separate refrigerating agent, 20 

by the rapid dissolution of a solid, 

20, 21-24 

Abyssinian War, use of ether machine, 
119 

Accumulations of deposit in (ondenscr, 
549-551 

.^miralty, cold air machines supplied 
to, 415, 41b 

Admixture of sulphurous acid and car- 
bonic acid as a, refrigerating agent, 
45 . 

Advantages of absorption 83 ^ 8 teni, 174, 
175 

— of atmospheric condensers, 157 
— of carbonic acid machines for marine 
installations, 129, 397 
— claimed for Oobert system of con- 
structional congelation, 482 
— of cold-air blast system, 279 
— of cold-air system, 212 
— of Cooper system of mechanical air 
circulation, 325-328 
— of direct expansion system, 275 
— of double pipe condensers, 165 
— of ether as a refrigerating agent in 
hot climates, 44 


Advantages of submerged condensers, 152 

— of using sealing and lubricating oil in 

ammonia compressors, 56, 57 

— of wall or plate system of ice-making, 

496 

— of Yaryaii apparatus for the produc- 

tion of distilled water, 512-517 
After prei-orvation of frozen meet, 272 
Agent, liquefied arrangement for removal 
of. from condenser, 159, 160 

— or medium used in vacuum machines, 

32, 33 

Agitation, method of making clear crystal 
ice by, 485, 487-507 

Air agitation system of making clear or 
crystal ice, 502 

— atmospheric, germs of fungus or mould 

in, 313 

— a(iueous vapour held in suspension in, 

573 

— circulation, means for improving, 

315-319 * 

— — of, in cold storage chambers, 313- 

328, 431, 432 

— cold, machines, 20, 211-245, 272-274 

— coolei , or chamber, with corrugated 

brine battery, 292 J95 

— degree of, saturation of, 572 

— determination of moisture in, 570-573 

— effect of presence of, 541 

— ejection of, from ammonia system, 

539-540 

— instruments for measuring moisture 

in, 570, 571 

— presence of, in ammonia machine, to 

detect, 541 

— pressure, testing ammonia compressor 

under, 539, 540 

— trunks, construction of, 271 

— value of, as in insulator, 330 
Allen dense-air ice machine, 238-241 
Allowances, per ton capacity, in refriger- 
ating machine, 286, 287, 457 

America, number of firms directly inter- 
ested in refrigeration in, 7 
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Ameritjan absorption machine, 205-209 
firrangeroent for removing liquefied 
agent from condenser, 159, 160 
for wort cooling, 446, 447 

— Eiigineer, relative heat conductivity 

of various materials, 336 
“ ice-making machinee, 22 

— practice as to the making of brine, 

532-534 

— Society of Mechanical Engineers, 

paper on regenerative method of 
producing very low temperatures, 
593 

— Warehousemen’s Association, table 

showing transmission of heat through 
various insulating structures, 345-350 
Ammonia, advantages of, as a refriger- 
ating agent, 48 

— anhydrous, 49 

boiling point and latent heat of, 

48 

manufacture of, 49, 50 

— anti-putrescent qualities of, 276 

— apparatus, li^aks in, 559 

— composition of, 48 

— compression machines, arrangement 

of, in butter dairies, 425-429 

management of, 539-578 

marine types, 402-413 

— condensers, marine types, 401, 409 

— disadvantages of, as a refrigerating 

agent, 48-50 

— gas, difficulties of dealing with, 50 
superheating of, 542 

i — lubricating qualities of, 552 

— machines, 48-116 

— machine, most important part of, 

50-56 

— of oon^ne^ce, 49, 50 

— properties of, 48 

— receiver and oil trap, 549 
»Aimount of condenser surface required, 

156, 157, 164 

— of cooling water required, 156, 157, 
' 164 

— of refrigerating pipes necessary for 

chilling, storage, and freezing 
chambers, 280, 281 

of refrigeration required in cold 
stores, 2^ 

— <4 water required in refrigerating 
A Ai^ratus, 5/0 

&ialyser for absorption machine, 182 
Anciente, production of ice known to, 1 
use of Kqnefaction by, for refrigerat- 
ing purposes, 21 

formula of relation of specific 
' gravity of sulphurous acid to tera- 
v/.^lpewtttre, 121 


Andrews’ experiments in liquefaction of 
gases, 588 
Angle valve, 247 

Anhydride, carbonic. See Carbonic 
acid 

Anhydrous ammonia, 49 

boiling point and latent heat of, 

48 

manufacture of, 49, 50 

— sulphurous acid and carbonic acid 

refrigerating agent, 45 
Antarctic, single-acting compressor, 108 
Anti -putrescent properties of ammonia, 

Apparatus, ammonia, leaks in, 559 

— for de-aerating or distilling water, 

508-517 

— for making distilled water froip 

exhaust steam, 510 

— gravity, for lowering carcases, 380 
Appendix, 602-604 

Apples, cold storage of, 389 

— first cargo of, from Melbourne, 6 
Appliances required in absorption system, 

174, 175 

Applications of refrigeration, construc- 
tional, 473-483 

manufacturing, 439-473 

Approximate allowances, per ton capacity, 
in refrigerating macnine, 286, 287, 
457 

— cost of operating ice factories, 686 
of ice-making, 587 

Aqueous vapour held in suspension in 
pure dry air, 573 

Architectural aspects of cold stores, 285 
Arctic cold-air machines, 211, 212, 234- 
238 

exTOriments with, 244 

— Machine Manufacturing Co. , ammonia 

compressors, 104 

Areas. See Diameters, areas, and dis- 
placements 

Armitage, Mr H. T., regulating the 
fermentation of tea by refrigeration, 
464 

Armstrong, Lord, definition of heat by, 

Arrangement for chilling and freeziftg op 
wall system, 292-294 

— for cooling fermenting rooms, 446-451 

— for increasing surface of cooling pipea, 

268,269,292 

— for lifting ice cans, 52^529 

— for more even distribution of work of .,, 

compressor piston, 105 

— for traversing caroMseB through 

chilling and freezing rooms^ 1293 

— of air-cooling tower, 296-297 
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Arrangement of cold stores, internal, 
285 • 

— of cooling pipes in bacon factories, 

305,306 

in ceiling lofts, 290' 

in* cold stores, 280-284 

on brine circulation system, 

274, 275 

— of corrugated brine air-cooling 

battery, 294-295 

— of piping in cold storage rooms, 280- 

284, 313-328 

— bf refrigerating plant in an hotel, 309- 

312 

Arrangements for making clear or crystal 
ice, mibcellaiieous, 499-508 

— of pump or piston agitators, 505-507 

various proper temperatures for 
cold storage of, 381-395 
Arti^ial butter factories, use of refriger- 
ating machinery in, 461-464 

— cold, use of, by Esthonian tribe, 21 

— currents of air, atmospheric con- 

densers cooled by, 161 
-*■ ice, storage house for, 535 

— refrigeration lu bacon curing works, 

305,306 

origin of, 1 

— surfaces of ice, formation of, 473 
Asbestos paper or cloth, value of, as an 

insulating material, 335 

— results of tests as to conductivities of, 

334 

— use of, as an insulating material, 329 
Ashantee caiimaigns, use of ether 

machine, 120 

Asparagus, cold storage of, 391, 392 
Atlas Company, Ltd., carlnmic acid 
compressor, 149-151 

Atmosphere of cold stores, 271, 272, 273, 

2rt 

— of hospitals and larg^ public buildings, 

cooling of, 472 * 

Mmospheric surface condensers, 157*164. 
! Set. cUio Condbnsers 

. Attemporating in breweries, refrigerated 
water for, 444,451-456 
Auldjo Machine Co., copipresbor made 
by, 108 

Australian apples, trade in, 6 
Austaralia, use of pumice stone ns an insu- 
„ lating material in, 329 

Automatic eleo^c beef hoist, 372-376 

— ice dump, 5ife-527 

— Refrigerating Machine Co., ammonia 

if, compressor, 100 

Auxiliary or serrate absorber, 194 
Ayien^ry^ Dairy, vacuum machine at, 

- 27 ' ^ 'i 


B aby compressor, A. H. Barber 
Manufacturing Co., Ill, 112 • 
Back pressure, loss of efficiency in am- 
monia compressors from, 66 
Bacon factories, arrangement of cooling 
pipes in, 305, 306 

reasons foi^use of artificial refri- 
geration in, 306 
Bait, freezing, 472 

Ball, improvements in absorption 
machines, 197, 198 

Balloons, use of refrigeration for purifica- 
tion of gas for inflation of, 472 
Baltic, imports of butter from, 6 
Bananas, tran^ort of, from Jamaica, 3 
Barber, A. H., Manufacturing Co., 
double-acting ammonia compressor, 
108-111 

plans for insulation, 366 

small cold store and ice 

plant for hotel, 309, 310 
single-acting ammonia com- 
pressor, 111, 112 
Bar-oox, cooling of, 209 
Barges, refrigerated, 421 
Barnard water-cooling tower, 170 
Barrel, old, to make brine mixer of, 633 
Baudclot cooler for breweries, 447 
Bavarian engineers, tests of Linde com- 
pi’ession machine by committee of, 
80, 81 

Bayswater, vacuum machine at, 27 
Beck, William Henry, improvements in 
absorption machines, 175, 184 
Becks, G. A., experiments on heat oon-« 
ductivity of slag wool and charcoal, 
342, 343 

Beef chill-room fitted with Haslam patent 
brine-cooling battery, 301-303 

fitted with tlio I)e La Vergpio 

patent pipe system, 298-301 
— hoist, automatic, electrically operated, 
372-376 

Beer wort, refrigeration of, 444-446 
Beffa, Della, A West, -ether machine, 
42 

Belgian dairies, type of cimm cooler used 
in, 431 

Bell-Coleman oold-air machine, 221, 222, 
243, 244 

— freezing machine, testa to determine 
best covering for, 336 
Berryman system of making ice, 502-504 
Bibliography oi refrigeration, 602-604 
Binary absorption process, 209, 210 
Black curremts, cold storage of, 389 
Black, Dr, discovery of latent heat by, 
10 

Blast, oold-air s-^sl [ 
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Blast furnaces, use of refrigeration in, 

’ . 466-469 

Bleaching of clothes by refrigeration, 
472 

Block, Louis, improvements in ammonia 
compressors, 57, 5S 

Blowers, use of, for cooling atmospheric 
condensers, 161 

Blythe & fSouthby, improved vacuum 
machine, ill, 32 

Board of Trade instructions to surveyors 
re carbonic acid machines, 397 
Boiler-covering materials, heat conduc- 
tivity of, 340 

— feeding purposes, use of waste con- 

densation water for, 1 68 
Boiling point, latent heat, ifec., of anhy- 
drous ammonia, 48 
Books on refrigeration, 602-604 
Borsig, A., sulphurous acid machines, 129 
Bottles containing anhydrous ammonia, 
warming when charging machine 
from, 540 

desirability of keeping in' 

cool plai^^e, 541 

Box & Lightfoot, tabic of aqueous vapour 
held in suspension in air, 573 
Box radiation through walls, 288 
Boyle, Mr David, pioneer of refrigerating 
machinery, 97 

modern type of ammonia com- 
pressor, 97 

Boyle’s or Marriotte’s law, 1 8 
Bramwell, 8ir Frederick, on Perkin’s 
• compression machine, 34 
Breaking joints in ammonia machines, 
551, 552 

— machinery, ice, 537, 538 
Breweries, cubic feet of space per running 

foot of 2-in. piping, 281 

— refrigeration in, 444-458,, 

rough estimate of refrigeration in, 457 
Irewery, ammonia pumps or compressor 
for, 86, 87 

irick surfaces, waterproof coatings for, 
345-360 

bridge, Messrs David* & Co., ice crashing 
or breaking machinery, 637, 538 
Brine, forming of, 492 

— circulation system, arrangement of 
f cooli^^g pipes on, 274, 275, 313-328 

of refrigeration, 274-275 

objections to, 279 

in breweries, 446, 447, 448 

— cold, passing air through bod}' of, 

297 

— concentrator^ 634 

— cooling battery for cooling air, 295- 

297 


Brine for use in refrigerating and ice- 
making plants, 532-534 

— mixing tank, 532, 533 

— strainer, 533 

British (roverriment, use of refrigerating 
machines by, 119, 120 ‘ 

— Humboldt. See Humboldt 
Broadbent, Mr J. 0., rotary chocolate 

cooler, 443, 444 

Brompton, vacuum machine at, 27 
Bronze alloy, use of, in compressor 
cylinder, 143 

Brotherhood’s refrigerator, 445 
Buffalo Refrigerating Machine Co., am- 
monia compressor, 102-104 
“'Bulletin de la Soci(!*t6 de I’lndustrie 
Minerale,” Poetsch process, 422- 
438 

Bureau, LJ.S. Weather, saturation of ah', 
572 

Burnand ice refrigerating machine, 436, 
437 

Butter, artificial use of refrigeration in 
factories of, 461-464 

— brought over from Denmark, 6 

— imports of, 6 

— manufactories and dairies, refrigera- 

tion in, 422-438 

— preservation of, by refrigeration, 385 


C ABBAGE, cold storage of, 391, 392 
Caillotet, experiments in liquefac- 
tion of gases, 588 
(Jalahan suction valve, 260 
Calculations made with respect to heat, 
11-19 

“ Campania,” refrigeration of cargo holds 
on board of, 409-41 1 

of provision store on board of, 411- 

413 

Campbell. /S’ec Westerlin and Qampbell 
Canada, imports of butter and cheese 
from, 6 ' • 

Canadian apples, trade in, 6 
Canadian Farming World, article on 
filling ice houses, 635 
Candle and paraflBn oil works, refrigera- 
tion in, 459-461 » 

Can hoist for small plants, 525 
— system of ice-making, 487-492 * 

objectionable features of, 488- 

490 

Cans or moulds, ice, 27 
Canvas saturated with cold brine, cool- 
ing air with, 297 

Capacities, refrigerating, table of, 284 
Capacity of machine required for refri- 
geration of cold chamber, 286, 287 
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of refrigerating machine, dia* 
showing variations in, 277 
Cai^iUai'y oream cooler, 431 
Oarftfes, arrangement for freezing, 309 
frapp68, production of, 27 
Carbon dioxide. See Carlionic acid 
Carbonic acid, advantages of, 47 

and sulphurous acid refrigerating 

agent, 45 

composition of, 129 

compressors, 45, 46 

— — disadvantages of, 47 

— •- machine, 45-47 

consumption of water in, 142 

leaks in, 560 

marine types, 396-401 

— to charge and work, 554-556 

properties of, 45-47 

^ — solidification of gas, 129, 130 

— anhydride. See Carbonic acid 
Carcasses, freezing of, for transport, 270 

272 

— • imports of frozen, 2-4 

— packing, in cold rooms, 271, 286 

— storing, on board ship, 417, 418 
Carcass hoists, 372 380 

Cards. See Diagri.ms 

Cargo of apples, first, from Melbourne, 3 

— of frpzen moat, fir^^ . 2 

— of fimit, storage of, 4i9 

Oarpetf, preservation ot, by refrigera- 
tion, 472 

Carr^, Edmond, sulphuric acid machines, 
27 

-— Ferdinand, absorption machine, 174, 
176-179 

— hand power ice machine, 33 
Carrots, cold storage of, 391 , 392 
Oars, refrigerated. See Vans 
Cascade system of producing very low 

temperatures, 688-592 
Case Refrigerating Machine Oo.’s am- 
monia compresfiit^u fiiuchines, 108 
Catamba grapes, cold storage of, 388 
Cattle, live,* cooling holds of vessels for, 
. 473 

peiling lofts, cooling pipes in, 290-292 
Ceilings for cold stores and ice houses, 
356 357 

" Celery, cold storage of, 391, 392 
^ Cell ice-making boxes or tanks, 496- 
'499 

Centigrade thermometrioal scale, zero on, 

12 • 

Caialloner, Sons, & Co., Oeo., ammonia 
compressor, 104, 105 
'Cambers. See Cold storage chambers 
consistency for pacing insulat- 
ittg spaces with, 330 
^ iQ 


Charge and work carbonic acid maobinei 
to, 554-566 - * 

Charging an ammonia machine, 640, Ml 
Charles’ law of expansion of gases, 12, 18 
Chart applicable to any value of n, con- 
struction of, 14-16 

Chatwood eloctri«al thermometer, 576, 
576 

Cheese, imports of, from Canada, 16 

— refrigeration of, 386 

Chomicid process of refrigeration, the, 
20, 21-24 

— works, use of refrigeration in, 472 
Cherries, cold storage of, 389 

Chew, Mr Leuig, submerged condenser, 
164 

Chief danger of deterioration of frozen 
meat, 6 

— features to be looked for in an air- 

cooling tower, 157, 158 
Childs, J G., & Co., Ltd., automatic 
electric lieef hoist, 372-376 

__ . .. mutton hoist, 376 

Chille I beef, imports of, 3 
Chilling, amount of refrigerating pipes 
necessary for, 280 

— or freezing on wall system, 292, M 
Chill-room, bacon, with side and ceiling 

cooling pipes, 303-306 

— beef, cooled by brine air-cooling 

battery, 301-303 

fitted with patent pipe system, 

298-303 

Chimogene, use of, as a refrigerating 
agent, 44 

Chloride, methyl, properties of, 120 

— of sodium, brine made from, 274 
Chocolate, cold slabs or tables for manu- 
facture of, 193, 194 

— ooolei, rotary, 443, 444 

— cooling by cold air, 442, 443 
Enock & Co., Ltd., 440-442 

first application of refrigerating 

machine to, 440 

— manufacture, use of refrigeration in, 

440-444 

Choice of agent for refrigerating pur- 
poses, 36-37 

Choking up or freezing of compression 
system, 667, 658 

Christiansen, Adolph Gothard, improve- 
ments in absorption machines, 176, 
184, 186 

— See also Mackay and Christiansen 
Circulation, methods of piping that 

hinder air, 313-316 

— of air in cold storage ohambeMi 

313-328 

Citron. See Citrus fruits 
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Citras fruits, cold storage of, 388 
Clark, Ml D. K., report on exponinents 
with iion-oonducting substances, ddu 
ClasBification of refrigerating machinery, 

20 

Clausius, definition of heat by, 9 
Clearances in', ammonia compressfirs, 

'"^53-56 , n 

Clear or crystal ice, arrangements ioi 
making, 485-508 

Cleveland, Ohio, Twining’s compression 
machine in, 37 ,38 

Clothes, white bleaching of, by refrigera- 
tion, 472 „ 

Cloth, hard-pressed asbestos, value of, as 
an insulating material, 33o 
Clouet, experiments by, m liquefaction 
of cases, 688 

Coal ashes, use of, for insulating pur- 

_ cKumption of, bycoW-air macliinea, 
273, 274 

Coating of ice on direct expansion pipes, 

CoatSgs for brick surfaces, waterproof, 

345-350 . , 

Cochran Co., carbonic acid com- 
pressor, 149 

Cooks and valves, 249-299 
expansion or regulating, 53, -49- 

_ — T stop, 252-259 

suction and discharge, -o9--W 

Coil bend, evaporating, 29o-2b7 
tCoils defrosting of refrigerating, 5 , 

— submerged condenser, 

dimensions of, 155-157 
Coke, use of, for charging air-cooling 
tower, 299 

Cdld air blast 177.274 

machines, 20, 211-24.), 

_ _ advantages of, 212 

.for marine work, 414-41 / 

marine types; 396-421 

modem patterns of, 41b 

proper management of, 5b2 

pumps of, 211 

refrigeration, by, 270-2/4 

system, the, 211-245 , „ 

— trunk for marine installations, 

brine, ^passing air through body of, 

207 * f 

— roopvB or chambers, construction of, 

286-364 ^ 

packing of carcasses in, 28b 

Bimple^thod of producing, m hot 
olimftteB, 25 


Cold slabs or tables for the manufacture 
of chocolate, 193, 194 ' , . 

— storage chambers, circulation of air 
ill, 313-328, 417 


temperatures for, 392-395 

ventilation of, 312,r313 

— cubic feet of space jier running 

foot of 2-in. piping, 281 

space, inspection of, 417 

270-328 ^ 

— stores, ceilings for, 359, 3o7 

divisional partitions tor, 353, 304, 

355, 35(5 

— — flooring for, 355, 356 

lighting of, 576-578 

in United Kingdom, 7 

— — piping for, 280-284 

_ — ventilating shafts for, 312 

— — walls for, 350-354 

— various manufacturing, &c., applica- 

tions, 439-483 

Coleman, C. 5., improved absorption 
machine, 203-205 

_ J. J., expeiimcnts by, on heat wn- 
dnotivities of substances, 335, 336 

— Hell-Colcman 

Cole, Messrs T. & W., J^ld., chocolate 
cooling, 442, 443 

cold-air machine, 21 J, -12, 

244 

marine, 417 

Collectors or oil separators, 76, 509, 510, 
544-649 „ . 

“ Colliery Manager's Handbook, ( »obcrt 
congelation method, 477-483 
~ shafts, application of refrigeration to 
sinking of, 472, 474-483 
Collins, Mr W. Hepworth, on evapora- 
tive values of various substances, 

Colyerf Frederick, C.E., results obtained 
with ether machine, 43, 44 

on worlyng of absorption 

machine, 579, 580 . 

Combined refrigerating and -ioe-makjng 

tank, 507 i i • f 

utilisation of cold air and brine tor 

cooling, 292 

Common ammonia of commerce, 49, .60 

salt. /8ee Chloride of sodium 

Compensating chamber for stuffing box, 
85 

Complete discharge of gas from oom- 
presaor cylinder, to ensure, 53, 54 

— installation of ammonia plant on the 
De La Vergne system, 69-62 

— small brewery htted with i^iriger- 
ating plant, 468 

Composition of freezing mixtures, .24 
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composition of fcjssil meal, use of, for in* Condenser preventing spluttering of 
sulatinu puiT[) 08 es, 329, 330 cooling water, 158, 159 

— — kiesmguhr, use of, for insulating — removing liquefied agent from, *159, 
puiqidses, 329, 334, 335 HIO 

victuals. 383 — usual dimensions of, 104 


Compound ammonia compressors, 93-99, 

398, 4(5? 

compressor, Haslam marine type, 

406, 407 

Linde marine type, 403 

single-acting marine typo, 402 

— submerged condensers, 154, 155 
Ciyupression head, safety, 69, 70 

— heat generated by, misleading phrase, 

16, 17 

— machine, refrigeration by means of, 

274 

— machines, amiiionia, cycle of oper.i- 
D tion in, 52 

main parts comprised in all, 20, 

34-36, 37 

— process, the, 18, 20, 34-151. aS'cc 

(^Compression system 

— side of ammonia machines, 52 

— system, choking up or freezing ol, 

557, 558 

— ■— the, 20 

Compressor, connection of oil separator 
to, so tliat oil can be usfid over again, 
549 

— diagrams, interpretation of, 566-569 

— piston rod packings, 552-554 

— safety crosshead for, 71, 72 
Compressors, ammonia, 51-116, 402-413 

— carbonic acid, 45, 46 

— double-acting, 51 

— ether, 34-44 

— methyl chloride, 120 

— methylic ether, 40 

— safety spiing heads for, 66-74 

— single-acting, advantages of, 51 
disadvantages of, 51 

— sufphurous acid, 12^M29 

Condensation side oTf ammonia maelniies, 
• 52 . 

Condensed ammonia; to prevent loss of 
efficiency by heating of, 543, 544 

— water cooler and oil separator, 509 
Condenser, accumulations wf deposit in, 

549-551 

—• atmospheric, condensing surface re- 
• quired, 155-157 ^ 

— cooling water required, 142, 156, 157 
for, 168-173, 543 

— distribution of cooling water, 157, 

158 

— Hall, 134 

— incrustation, 560, 561 
marine type, 408-409 


Condensers, ammonia, marine type, 401, 
409-411 

— 87, 120, 127, 128, 132, 133, 134, 135, 

138, 146, 149, 151, 152-168, 401, 409- 
411 

Condensing pressure, use of, for asoer- 
taining whether apparatus is fully 
charged, 564, 565 

— surface for atmospheric condensers, 

amount required, 164 

for submerged condensers, amount 

required, 155-157 

Conductivity of various substances, ex- 
periments on, 330-345 
Coiifc'ctionery, cold slabs or tables for 
the manufacture of, 193, 194 
Congealing tanks, marine, 418 
Connections. Ste Flange unions 
(>onroy. iJouglas and Conroy 
Consistency for packing insulating spaces, 
330 

Constructional applications of refrigera- 
tion, 439, 440, 473-483 
Construction of ammonia gas eom- 
Xiressors, 51-56 

— and arrangement of cold stores, 285 
Consumption of water in sulphune acid 

machines, 28, 29 

— »SV.e also Coal consumption 
Continent, number of firms directly intoi;- 

ested in refrigeration (jii, 7 
Continuous-acting absorption machine, 
175 

Conveying machinery, ice, 520-529 

St‘< also Hoisting and conveying 

machinery 

Coolers for cold -air machines, 220, 222 
- Baudelot, 446, 447 
Cooling air, arrangements for, 292-328 

— battery, corrugated brine, 292-294 

— fermenting rooms, 446-451 

— pipes, arrangement of, in ceiling lofts, 

303, 318, 319 

on brine circulation system, 

274, 275, 289, 290 

— surface of pipes, means for increasing, 

268, 269, 292 

— towers, water, 168-173 

— - water, formula for calculating amount 
re(|uirod in submerged condensers, 
156 

for condenser, 168-173, 543 

— — in separator jacket, 642 
to economise, 168 
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Cooper, Madison, arrangement for WMh- 
• ing, cooling, and drying air, 297, 
^298 

correct relative humidity for a 

given temperature in egg rooms, 
187,388 , . 

on air circulatiou m cold storage 


chambers, 313-328 

on cold storage of eggs, 297, 298, 

387, 388 . . w 

system of mechanical air circulation, 
advantages of, 328 

Corliss engine for driving ammonia com- 
pressor, 81, 110, 114 

Correct relative humidity for a given 
temperature in egg rooms, 387, 388 
Corrosion of cooling pipes, protection of, 
from, 276, 277 

Cost of ice-making, approximate, a87 

— of operating ice factories, approxi- 

mate, 686 

— of working refrigerating machinery, 

679-687 

Cotton wool. \S(ie Slag wool 
Coupon system of selling and delivei’ing 
ice, 636„537 

Courri^res, use of refrigeration tor shall 
sinking at, 476 

CraokneU’s patent absorption machine, 
198-200 

Crane with long jib for raising caixjasses 
from barges into cold stores, 378 
Cream coolers, 430, 431 


trade in frozen, 6 . . n 

dreamery Package Manufacturing Co., 
ammonia compressor, 106, 106 
— refrigerators, 431-436 
Creams, freezing, ice, 309 
Crescent or semi-cylindneal door tor 
odd storage rooms, 310-312 
OroBshead, safety, for compressors, 71, 

' 72 

Crushing or breaking machinery, ice, 

. 637, 338 

Cryfetat ice. See Clear Ice 
^Cutw ice, 630 ^ a. 

flCttbic feet of ammonia gas per minute to 

S roduoe one ton of refrigeration per 

ay, 278 

of qpaoe per running foot of 2-in. 

. piping, 281 

ioe, 630 . , 1 0.4 

CHillen, Dr, experiments with ether, 34 
_ vacuum machine, 26 
' Ourranti, cold storage of, 389, 393 
OcffVe PVn= constant, to construct, 14, 


. ' 16 ' 

v ^ operations in compression 


Cylinder ayatem creamery refrigerator 

Cylindrical oil aeparators or eoUeotors, 
545-548 

Cyrogene, use of, as a refrigerating agent, 
44 


D airies, refrigeration in, 422-438 
Davy, Sir Humphry, definition of 
heat by, 8 

Dead bodies, preservation of, by refrigera- 
tion, 391 ' 

— weight safety valve, 144 
De aerated water, making clear ice with, 
485 

I)e-aerating or distilling apparatus, 508- 
•^17 

Definition of latent heat, 10 
— of specific heat, 10 
Definitions of heat, various, 8-10 
Defrosting of refrigerating coils, 560, 
561 

Dehydrator. See Drier 
De La Vergne arrangement for cooling 
in breweiy, 448-450 
— atmospheric condenser, 153 
— disc or gill for cooling pipes, 268, 
269 

— expansion cock, 247, 148 
— installation at skating rink, 473 
— installations on “Campania” and 
“Lucania,” 411-413 

— marine types of ammonia machines, 
402 

oil separator or collector, 76, 544, 645 

— patent pipe system, 268, 269, 298-301 
— safety suction valve, 260 
— stop-cock, 252, 253 

type of ammonia compressor, 56-66 

of pipe joint, 261, 262, 266 

Delion and Lepen, sulphurous acid ma- 
chine, 129 »• . , . .rt 

Della Beffa and West ether machine, 42, 
De Mairan, specific gravity of ice, 484 
De Motay and Rossi absorption machine, 
210 

Denmark, butter brmjght over from, 6 
Dense air machine, 228^-241 » 

Denton, Professor, losses in compressors, 

Deposit in condenser, accumulations of, 
549-651 . 

Deterioration of frozen meat, ohief 
dangers of, 6 , , 

Determination of moisture in air, oW 
573 * 

Dewar, Professor, production of liqujkl, 
air, 690, 591, 592 
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Dewar, Professor, use of ethylene as an 
agent, 1590 

— ■ — vacnium flask, 591 
Diagrams from “Arctic” cold-air ma- 
chine, 237, 238 

FricJk compressors, 70, 71 

— interpretation of compressor, 506-509 
Diagram showing variations in capacity 

of refrigerating machine, 277 

— taken from double-acting compressor, 

with sealing oil, 64, 66 

single-acting compressor, with- 

• out sealing oil, 63, 64 

single-acting compressor, with 

sealing oil, 64, 66 

Diameter and stroke, ratio between, in 
ammonia compressors, 54-56 
,^jPioker8on, Mr Walter, on physical con- 
stants of liquefied gases, 599-601 
Dimensions of submerged condensers, 

155- 157 

Direct expansion, cooling brewery fer- 
menting room by, 448 

making ice by, 486 

pipes, effect of a coating of ice on, 

560 

system. 275-279 

Disadvantages of oold-air system, 211 

cold-air blast syntem, 279 

Disclifirge of gas from compressor, to 
effect compete, 53, 54 

— valves. See Suction and discharge 

valves 

Discs or gills for cooling pipes, 208, 269 

— rotating, cooling air with, 297 
Dissolution of a solid, abstraction of heat 

bVi 20 

DistiUation of anhydrous ammonia, 49, 
50 

Distilling. See De-aerating 

— raaohino, methylic ether, 40 

Distiiotive feature of the Yaryan evapo- 
rator, 613 • 

Distinct i^eanings of heat and tempera- 
ture, 10 

Distributing valve. See Expansion valve 
Distribution of water in atmospheric 
condenser, 158, 159 ^ 

— of work of compressor piston, 105 
Divisional partitiojis for cold stores, 353, 

. 354 

Dobbie, John G., tests by, to determine 
conductivity Of asbestos and Kie- 
selghur composition, 334, 336 
Dtmaldson, H. F,, lifts designed by, 378- 
380 

— r nph-oonductive values of different 
materials, 337, 338 
Door'insnlatlon, 367*360 


Door, rotary, 310-312 
— wedge, ^7 

Dortch. See Suppes and Dortch 
Douane, Messrs, methyl chloride eom- 
pression machines, 120 
Douane, Mr M. E. See Douane, Messrs 
Double-acting compressor and tandem 
compound condensing steam engine, 
90 

compressors, advantages of, 51 

— disadvantages of, 51 

compressor stuffing boxes, packing 

for, 663 

De La Vergne ammonia com- 
pressor, 56-66 

Kilbourn horizontal ammonia com- 

S ression machine, 408 
ect water-distilling apparatus, 516 
- pipe condensers, 166 
Douglas and Conroy patent sulphurous 
acid c^^mpressor, 124-128 
Douglas, Messrs Wm., & Sons, Ltd., air- 
cooling apparatus, 295-297 

sulphurous acid compressor, 124- 

128 

~ Mr Loudon, on dairy refrigeration, 
422 

— Mr T., apparatus for cooling air, 296- 
297 

Dourges, use of refrigeration for sinking 
shafts at, 475 

Drawlwicks to wall or plate system of ice- 
making, 495 

Drier or dehydrator of ammonia still, 
lime in, 50 • 

Drip trays for cooling pipes, 298, 305 
Drop valve steam engine for driving 
compressor, 94 
Dry air refrigerator, 242 
— system of working ammonia com- 
pression machines, 62, 63 
Drying, cooling, and washing air, appar- 
atus for, 297, 298 
Dual absorption system, 209, 210 
Duplex marine type of carbonic acid 
machines, 398-401 

Dutorne, Victor, metallic packing, 478 
Dynamics, thermo, first lesson of, 8-19 
Dynamite factories, refrigeration in, 471 


E arly investigators tod experi- 
menters in the production of very 
low temperatures, 588-592 
Eclipse artmospherio condenser, 156 
— can ice-making box, 488 

system, plan of ice faotmy on, 599, 

526 
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Economiser or temperature exchanger, 

' .181, 107 

Economy of direct expansion system, 
275 

— of multiple effect distilling apparatus, 

512 

Effective surface of cooling pipes, to 
increase, 268, 269 

— effect of a coating of ice on direct ex- 

pansion pipes, 560 
Efficiencies of ice plants, 531 
Efficiency, loss of, in ammonia compres- 
sors, 56 

— of refrigerating machines, greatest 

theoretical, 17 

— of submerged condenser, to ensure 

utmost, 154 

— principal qualities to be sought for 

in compressor to ensure maximum, 
53-56 

— water-cooling apparatus, 170 

Egg rooms, correct relative humidity in, 
387, 388 

Eggs, cold stiirage of, 297, 298, 386-388 
Egypt, use of ether machine during mili- 
tary operations in, 120 
Elder, Dempster, & Co., transport of 
bananas from Jamaica by, 3 
Electrically driven ammonia compressor, 
110, -111, 413 

compressor on railway van, 371 

— operated beef hoist, 372-376 
mutton hoist, 377 

thermometer or telethermometer. 

. 575, 576 

— heated absorption machine, 203-205 
Electrical temperature tell-tales and h)ng- 

distance thermometers, 573, 574 

— welding of condenser and evaporator 

coils, 135 

Electric fans, use of, for circulating ,air, 
319, 320 
— * welding, 135 

Elevating and conveying machinery, ice, 
520-529 

Elevators or hoists, ice, 527-529 
Emery, Charles E., experiments with 
non-conductors of heat, 335 
Enclosed oompressors. See Inclosed 
Endless tnaveiling band or apron choco- 
late-cooling apparatus, 444 
Engineer, description of Poetsch methfid 
in, 475 

Engineering, non -heat-conducting pro- 
perties of various substances, 341 
Bn^ne-room of steamships, location of 
carbonic acid machines in, 397 
Bnook, Arthur G., safety device for com- 
pressors, 71, 72 


Enoch compressors, 71-79 

— — marine type, 413 ‘ 

— milk -cooling plant, 423-425 

— on proper temperature for storing 

butter, 438 

Equation expressing greatest 'theoretical 
efficiency of a refrigerating machine, 
17 

Ecjuivalent of a ton of ico, 484 

— of heat, moohanical, 11, 18 

Escher, Wyss, et Cic, carbonic acid 
machine, 151 

Esthonian tribe, use of artificial cold by, 
21 

Estimate of refrigeration required in 
breweries, 437 

Ether, advantages of, as an agent in hot 
climates, 44 ^ 

— composition of, 117 

— compression machines, 34-44, 117-120 

— experiments with, by Dr Cullen, 34 

— machine at brewery, first, 439 
cost of working, 582, 583 

— methylic, distilling machine, 40 

— objections to the use of, as a refriger- 

ating agent, 44 

— properties of, 117 

Evaporating coil bend, 265-267 
Evaporative surface condensers, U7-164 
Evaporator, care of, 517 c 

Evaporators, 87, 91, 135, 155 

Even distribution of work of compressor, 
arrangement for, 105 
Ewing, Professor, on cascade or successive 
cycle system, 589, 590 

— on regenerative method, 592 
Exchanger, heat. See Economiser 
Exhaust steam, apparatus for making 

distilled water from, 510 
Exhibition, Paris, carbonic acid com- 
pressor in brewery section, 151 
Expansion, direct^ economy of, 275> 

— of gases, laws of, 42 

— side of ammonia compressioi\machineB% 

52 . * 

— system, the, 275-279 

— valve for methylic ether machine, 42 

— valves and cooks, adjustment of, 53 

various, 246-252 

Experiments by Dr Cullen with ether, 34 

— on the transmission of heat, 344, 345 

— with cold-air machines, 244 

— with non-conducting substances, 330- 

346 ' 

Express Dairy, milk -cooling installation 
at, 425-428 

External carcass hoist, 376-378 
Extreme limits of space per foot of piping, 
281 
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F actories, artificial Imttcr, 461-4fi4 
— bacon, 305, 3(M) 

- ice,' 51«-529 
— sugar, 464, 465 
— tea, 464 

Fahrenheit>,tlierniometrioal scale, sero on, 
12 

Fans or blowers for cooling atmospheric 
condensers, 161 

— use of, for circulating air in cold 
stores, 319-328 

Faraday, Professor, experiments in li(|uc- 
• faction of gases, 5S8 
Feathering agitators, 488 
Features, chief, to bo looked for in water- 
cooling lower, ] 70 

Fermenting rooms, cooling of, 446-450, 
464 

"'Film evaporation, 513 
Firms directly interested in refrigeration, 
number of, 7 

First cargo of apples from Melbourne, 6 
— class ether machine, results obtained 
with, 43 

— compression machine, 31 
— law of thermo (dynamics, 8 
Fish, cold storage of, 383-385 
-- freezing, cubic feet of space per 
running foot of 2-.ii, piping, 281 
Fixajjy ammonia compressor, 83, 84 
— air coolers, 303 

, Flange unions or connections, 264, 265 
Flash valve, /8ce Expansion valve 
Flasks of COji, warming when charging 
machine from, 554 
Flasks, vacuum, for liquid air, 591 
Flat plates for air-cooling Intteries, 292, 
293 

Flines les Raches, use of refrigeiation fo' 
sinking shafts at, 475 
I looring for cold stores, 355, 356 

j ice houses, 35t> 

Floors of cold stores,* radiation of heaf 
, throiKh, 288 
Fluorine, Tiquefaction of, 592 
Fontaine. !See Molfet, Fontaine, et Cie 
Fontinette canal lift, use of refrigeration 
in construction of, 476 
Forbidden fruit, cold storage of, 388 
Forced air circulation, 319-328 
Fprecoolers. tfee Supplementary con- 
densers 

Formula for ascertaining amount of air 
delivered*by cold-air machine, 245 

calculating amount of cooling 

water for submerged condensers, 
156, 157 

— dimensions of submerged con- 
densers, 155, 156 
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Foundations, application of refrigeration 
to the construction of, 473 
France, simple method of making* ice, 
used in, 26 

— use of cork in, as a non-conductor, 

329 

Freezing chamber’s, amount of refrigerat- 
ing pipes necessary for, 280 

— fish, method of, 383, 384 

— mixtures, table of, 24 

— or choking up of compression system, 

557 , 558 

— times for different temperatures and 

thicknesses of can ice, 491 

— water slowly, at comparatively high 

temperatures, 485 

French absorption machine, 193, 209 

— brewery section of Paris Exhibition, 

carbonic acid compressor at, 151 
Fresh provisions, trade in, 1-7 
Frick ammonia compression machine, 
06-71 

— Co , apparatus for making distilled 

V ater, 510 

arrangement for cooling brewery 

fermenting rooms, 451 

Baudoiot cooling apparatus, 446, 

447 

brine strainer, 491 

can ice-making box, 488 

cost of operating ice factories, 

586 

ice-can hoist, 525 

pattern of suction valve, 260 

plans for ice factories, 620 

— — plans for insulation, 365 * 

stop- valves, 254 

truck in can hoist, 625 

— pipe joints, 265-268 

Frigorifio mixtures, general law govern- 
ing production of cold by, 23 

— — observations on, 23 

/%€ also Freezing mixtures 

Frozen beef, imports of, from New South 

Wales, 3 

imports of, from New Zealand, 3 

— carcasses, imports of, 2-4 

— cream, trade in, 6 

— meat, trade in, 2 

— mutton, hanging of, before cooking, . 

286 

Fruit cargo, proper stowage of, 418, 419 
trees, regulation of, by refrigeration, 
472 

Fruits, cold storage of, 388-390, 410, 419 
Fry, J. S., use of cold air for chocolate- 
(Mxiling by, -140 

Function of refr^erating and ioe-making 
apparatus, main, 19 
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Fungus or mould, germs of, in atmos- 
• pherio air, 313 

FuAmoes, blast, use of refrigeration in, 
465-469 

Furniture, upholstered, preservation of, 
by refrigeration, 472 
Furs, preservation of, .by refrigeration, 
391, 472, 473 


Gravity air circulation m ooia rooms or 
chambers, 314-319 • 

— apparatus for lowering carcasses, 380 
Greatest theoretical efficiency of a re- 
frigerating machine, 17 
Great Southern and Western Railway, 
Ireland, refrigerator car, 367 
Green vegetables, cold storage of, 390 


G ale, Arthur Robert, paper 

on refrigerating machine, 241-243 
Gas, ammonia, difficulties of dealing 
with, 50 

— compressor, most important part of 
compression apparatus, 50, 57 
— for balloons, use of refrigeration for 
purification of, 472 

— motor, advantages of, for driving 
small refrigerating machines, 307, 
308 

Gases, Charles’ law of expansion of, 12 
— laws of, 13:14 
— liquefaction of, 588-601 
— Lussac’s law of expansion of, 12 
Gasoline, use of, as a refrigerating agent, 


Gasworks breeze, use of, for insulating 
purroses, 329 

Jay, 0. M., arrangement for circulating 
air, 318 

Jeneral law governing production of cold 
by frigorific mixtures, 23 
Jenerator for absorption machine, 171, 
’ 174, 185, 193, 204, 209, 210 

Jermany, use of cork in, as a non- 
conductor, 329 

Jerms of fUngus or mould in atmospheric 
air, 313 

Ji&rd cold-air machine, 215, 222-224, 
244 

3ill, pipe, 268, 269 

>lana of carbonic acid machine, to pack, 
' 556 

Jlobe expansion valve,* 247 
Jobert method of using refrigeration for 
constructional work, 477-483 
jl^ell, Henry Carr, use of lampblack as 
an insulating matenal, 330 
Joninan improvements in absorption 
machines, 193 

[Jorrie, cold air machine, 214 
jlothenburg, milk shipped to London 
&onu 6 

Slottibrecht, Dr, experiments on pro- 
perties of ammonia, 270 
Ixi^i^Cold storage of, 388, 389, 394 


H arrier, experiments in lique- 
faction of gases, 588 

Hamault coalfield, refrigeration for shaft- 
sinking at, 475 

Hair-felt, use of, for insulating purposes, 
329 

Hall, cold-air machines, 233, 234, 292, 293 
— J. & E., Ltd., carbonic acid com- 
pression machines, 131-141 •• 

cold-air machines, marine types, 

415, 416 

duplex horizontal carbonic acid 

compressor, 139-141 

marine typos of carbonic acid 

machines, 397-401 

— plan for chilling and freezing on wall 
system, 294, 295 

small vertical self-contained car- 
bonic acid machine, 132-138 , 

single-cylinder double-acting hori- 
zontal carbonic acid compressor, 138 

steamers fitted with refrigerating 

machinery for the butter trade, 6 

to charge and work carbonic acid 

machine of, 554-556 
— system for cooling milk, 425-428 
Hampson, production of liquid air by, 
693, 695-599 

Hanbury. See Truman, Hanbury, & Co. 
Handling ice, 636, 637 
Hand-power ice-making machine, 33 
Hargreaves and Inglis cold-air machine, 
224 

— See also Hick Hargreaves . ^ 

Harrison ether machine/ 2, 38-40 

erected at 'brewery, first, 439 

in paraffin works, 439 

— James, ether compression machine, 38 

improved vacuum apparatus, 29-31 

— vacuum machine, cost of making ice 
with, 684 

— See also Twining and Harrison 
Haslam air agitation ioe plant, 502 
— ammonia valves, 266 • 

— atmospheric or open-air* evaporative 
surface condenser, 160 
— beef chilling room fitted with patent 
brine-cooling batteries, 301-9^ 

— blast furnace installation, 466469 
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Saalftm brine concentrator, 534 

— carbonio*acid compressors, 149-151 

— cold-air machines, 225-280, 244, 415 
at Ix)ndon and St Katherine 

Dock, 272-274 

far marine work, 415 

— cold storage chamber, small, 306-308 

— distilling apparatus, M2 

— formula for ascertaining amount of 

air delivered by cold -air machine, 
245 

~ Foundry and Engineering Co., Ltd., 

• marine typos of ammonia com- 
pressors, 97, 404-407 

— open water cooler, 168 

— - Sir Alfred Seale, apparatus for cooling 
air, 294, 295, 420, 421 

improvements in ammonia eon»- 

pressors, 93-97 

— water- cooling tower, 173 
Head, safety compression, 66-79 
Healthy working of ammonia machine, 

signs of, 541 

Heat and temperature, distinct meanings 
of, 10 

— calculations mad« in respect of, 11-19 

— conducting power of vari(m6 sub- 

stances, slate l)eing 1,000, 342 
— - de%itionsof, 8- 10 

— discovery of, 8 

— exclianger. Se(>. Temperature ex- 

changer 

— generated by compression, misleading 

nature of phrase, 16 

— latent, 10, 11 

— mechanical equivalent of, 11, 18 

^ — pump, refrigerating, macb'ne, a, 19 

— sensible, 10 

— specific, 10 

and composition of victuals, 383 

“ Heating by Hot Water,” experiments 
r^arding heat-oondncting properties 
oA^arious substande^, 341 

f endrick’s •condenser, 165-168 
enry Vogt Mafchiije Co., absorption 
machine, 196, 197 

Hercules discharge and suction valve, 259 
— lee-making and Refrigerating Ma- 
chinery Oo., ammonia compressor, 
106-108 

Hick Hargreaves, cold-air machine, 224, 
* 225 

Hiokraann, Ltd., refrigerating installa- 
tion, 466-,409 

Hill, F. B., arrangement of cold store or 
chambar, 290-292 

arrangement for removing snow or 

hoaar frost from refrigerating sur- 
faces, 2^2 


Hill and Gorman, improvements in ab- 
sorption machines, 193 • 

— and Sinclair, improvements in absorp- 

tion machines, 193 

— Frederick Barker, improvements in 

absorption machines, 193, 194-196 

— method of making clear or crystal ice, 

499-502 

History of trade in frozen meat, 2, 3 

— of fresh provision, 1 -7 

Hoar frost, removal of, from refrigerating 
surfaces, 292 

Hoisting and convoying machinery, 372- 
380 

Hoists. Elevators or Hoists 
Holden system of ice-making, 507, 508 
Holds ol vessels, cooling of, 473 
Hollow or serai-cylindrioal door for cold 
storage chamber, 310-312 
Hopkinson, Dr, on cost of niaking ioe 
with AVindhaiisen machine, 583, 584 

— description of Wiiulhausen machine, 

27-^9 

Hops, uold storage for preservation of, 
456 

Horizontal duplex marine type carbonic 
acid machines, 398-401 
- pipe, mercury well for, 563 
Hospitals, cooling of atmosphere of, in 
warm climates, 472 

Hot beer wort, refrigeration of, 444-446 

— climates, simple methods of pro- 

ducing cold in, 25 

Hotel, arrangement of refrigerating plant 
in, 309-312 

Houses, ice, ceilings for, 356, 357 

floorings for, 356 

Houssu coalfields, use of refrigeration for 
sinking/ shafts at, 475, 476 
Hiibner. 6'ee Wegelin and Hubner 
Humboldt, ammonia compressor, 83 

— sulphurous anhydride compressor, 129 

— carbonic acid compressor, 149 

— meat-cooling plant, 303 

— milk-cooling arrangement, 428 
Humidity, correct relative, for a given 

temperature in egg rooms, 387, 388 
Hydrants, advisability for provision of, 
in ice faoto^, 530 
Hygrometers, 671 


I CE and Cold Machine Co. , absorption 
machine, 197, 198 

— and refrigeration, articles on. cirouXa- 
tion of air in cold storage ohatnbers, 
313-328 

— apparatus for manufacture of, 62 
— can hoist for small plants, 625 
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Ice cans or moulds, 27 

— •orushiag or breaking machinery, 537, 

638 

— cube, 530 

— dump, automatic, 625-527 

— eflFect of a coating of, on expansion 

pipes, 560 

— elevating and conveying machinery, 

620-629 

— factories, 518-529 

advisability for provision of 

hydrants in, 530 

approximate cost of operating, 586 

— houses, ceilings for, 356, 357 
flooring for, 356 

— - making, 484-538 

cost of, 579-587 

in breweries, 457, 458 

machine, American, 22 

machines, management of, 539-578 

testing of, 562-566 

or congealing tanks, marine, 416, 

417, 41P^ 419 

vacuura system of ice-making, 517, 

518 

various methods of, 485 

— packing, 535-537 

— properties of, 484 

— stores, refrigeration of, 535 
ventilation of, 535 

— tanks and refrigerator combined, 

Pictet’s, 45 

— water. Attemperating 

Ideal Refrigerating and Manufacturing 
’ Co., ammonia compressor, 105 
Illinois Central Railway, refrigerator 
car on, 368-370 

Imitation of natural system of ice-making, 
518 

Ipiperfections of first absorption ma- 
chinet?, 174, 176 , 

Important part of ammonia machine, 
'most, 50-56 
Imports of butter, 6 . 

— of cheese, 6 

■— of chilled beef, 3, 6 

— of frozen carcasses, 3, 4 
Improved Carr6 hand-power ice machine, 

32 

Improviitg air circulation, means for, 
• 327, 328 

Inclosed types of ammonia compressors, 
73-77, 87, 114-116 

Increase the eflPeotive surface of cooling 
p^es, to, 268, 269 

Incrustation on condenser coils, 560*562 
Iijdia Docks, London and, 274 

simple method of making ice in, 25 
West, Docks, lifts at, 378 


India-rubber packings for ammonia com- 
pressors, 553, 554 

— works, use of refrigerating*raachmery 

in, 472 

Indicator diagrams, 63-66, 71, 237, 238, 
566-569. See aleo Diagrams 
Industrial applications, 439-483 
Inflation of balloons, use of refrigeration 
for purification of gas for, 472 
Inglis. See Hargreaves and Inglis 
Injections of sealing and lubricating oil 
into compressor cylinder, 53 
Inlet valves, 256-260 • 

Inspection of cold storage space on board 
ship, 417 

Instructions to surveyors re carbpnic acid 
machines, Board of Trade, 397 
Insulating structures, transmission ^ 
heat through various, 340 
Insulation, 329-371 

— - door, 357-361 

— of marine installations, 409, 411, 412 

— methods of, used in U.S., 365 

— tank, 360-364 
window, 3(i0 

Interlaced type of condenser, 160 
Intenial arrangement of cold stores, 285 
Interpretation of compressor diagrams, 
566-569 

Introduction, 1-7 * 

Inventions for refrigerating and ice- 
making, various, 20 

Iron, ammonia no (chemical action on, 
276, 277 

— ceilings, cellars with, 306 


J ACOBUS, Professor, latent heat of 
air, 599 

Jamaica, transport of bananas from, 3 
Jamieson, Professor Andrew, experi- 
ments by, on conductivity j>f sub- 
stances, 332,* 336, m 
Jib, crane, long, for raising caYcasses from 
barges, 378 . 

Johnson and Whitelaw’s absorption ma- 
chine, 209 

Joints, breaking of, in ammonia machines, 
551, 562 

— pipe, and unions, 260-268 
Joint socket bend, soldered, 265 
Jones, Walter, experiments regarding 
non-conducting projwrties of various 
substances, 341 

Joule on production of very low tempera- 
tures, 594 

Joule’s mechanical equivalent of heat, IT' 
Juice, precautions tc^revent loss.of, from 
frozen mutton, 2^ * " 
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K.i^selguhi’, result of testa as to conduc- 
tivities of, 333, 334, 335 


— use of, as an insulating material, 329, 

330 • 

Kilbourn ammonia compressor, inclosorl 
. type, 87-89 

— cream cooler, 425 

— improved type of ammonia c«mipreH- 

sion machine in dairy, 425 

— marine ice-making or congealing 
• tank, 418, 419 

type of ammonia compression 

machine, 407-409 

— M. J. K., inventor of improvements 

in refrigerating machinery, 88 
^ pipe joints, 262-204 

— stop-cock, 253 

Kingdom, United, cold stores in, 7 
Kingaford, improvements in vacuum 
machines, 26 

Kirk, Alexander, coM-air machine, 215 

— Dr A. C., application of ether 

machine to extraction of parafhn 
from shale oil, 419 
Klein oil separator or collector, 509 

— water-cooling tower, 170 
“Knight’s Dictionary, description ot 

V^n der Weyde’s machine, 44 
Koch method of using refrigeration for 
constructional work, 477 
Kroescholl Bros. Ice-Making Co., car- 
bonic acid compressor, 144-149 

— — horizontal nelt-cl riven carbonic 

acid compression machine, 147-149 
rope-driven carhoiu acid com- 
pressor, 140 

vertical belt-driven carbonic a<5i(l 

compression machine, 147-149 


L AOEK .l»eer fermenting rooms and 
store cellars* cowling of, 450 
La Hire’s epicyoloidal device, 224 
Lampblack, use of, for insulating pur- 
poses, .330 

Land installations. Linde machine 
especially designed for, 80 
Lange’s improved pump for vacuum 
machine, 29 
Latent heat, 10^ 11 
— heat, discovery of, 10 

of ammonia, 48 

Laundries, use of refrigerat ion ice, 472 
Laurenson, meth<xl of making ice, 496 
Lavoisier ice calorimeter, tests of con- 
ductivity with, 336 


T^aw, general, governing production o\ 
cold by frigorific mixtures, 23 ♦ 

Laws of gases, 12-14 
Lawton, Mr A. W, , process for preserving 
fruit, 389, 390 

Leakage at joints, cocks, valves, &c., in 
diiect expansion system, 276 

— of gas past piston rod, methods of 

preventing, 80, 83, 84, 94, 102, 103 

past piston rod, stuffing box, and 

gland, Linde method of preventing, 
72, 73 

— Sf(‘ aim Piston rod 

I^eaks in ammonia apparatus, 559 

— in carlxmic acid machines, 560 
Lebrun, Mr B., cooling pipe with gills or 

flanges, 269 

inclosed type of compressor, 116 

Lemons, cold storage of, 388, 394 
Leslie, iinprovemonts in vacuum raa- 
(ihines 26 

Lifts. Elevators or Hoists 
Light! Out cold-air machine, 230-233 

— insulation rocommendeil by, 329 

— T. B., ammonia compressor, 91 

cold-air machine, 230-234 

— xise of, for chocf>late cooling, 

440 

— combined refrigerating and ice-making 

tank, 507 

— — - condensor, 155 

experiments on heat conductivity 

of slag wool and cliarcoal, 342, 343 

— — observations by, on frigorific mix- 

tures, 23 • 

on cold-air machines, 212-214 

on cost of working, 580, 581 

particulars regarding ether ma- 
chine, 42, 43 

results of tests viith Linde com- 
pression macliine, 80 
Ligliting cold stores, 576-578 
Ligny-le.s-Aire, use of refrigeration for 
sinking shafts at, 476, 477 
Lime, cold storage of, 388 
Limit t-o ratio Between diameter and 
.stroke in ammonia compressors, 55 
Linde, Carl, ammonia compressors, 79-83 

method of agitating water during 

freezing, 492 

— Company, water-cooling tower, 172, 

173 

— marine type ammonia compression 

machine, 402, 403 

— production of liquid air by, 593 
Lineal feet of 1-in, piping required per 

cubic foot of cola storage space, ^ 
Liquefaction of a solid, abstraction of 
heat by, 20 
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JjiquefaGtion of gases. Stee Production 
• of very low temporatiires 

— process, the, 20-24 

— use of, by the ancients for refriger- 

ating purposes, 21 
Liquefactor. >S'ee Condenser 
Liquefied agent, arrangement for remov- 
ing, from condenser, 159, 160 
Liquefier. Condenser 
Liquid air, cooling van by means of, 371 
See Production of very low tem- 
peratures 

Liquor ammonia, strength of, 49 
Live cattle, cooling holds of vessels for, 
473 

Lobrist, John, refrigerator car designed 
by, 370, 371 

London and India Docks Co., refriger- 
ating installation at, 274 

— and Tilbury Lighterage Co. , refriger- 

ated barges, 421 

long-distance thermometers, 573, 574 
Loose tools rojiuired in an ice factory, 529 
Lorenz, Hans; interpretation of com- 
pressor diagrams, 566-569 
JLowe, carbonic acid machine, 46 
low-pressure refrigerating agents. See 
Ether, Methyl chloride. Sulphurous 
acid 

Low, Professor D. A., construction of 
chart applicable to any value of ?!, 
14-16 

Low temperatures, production of, 588- 
601 

•Lubrication of refrigerating machinery, 
558, 559 

— qualities of ammonia, 552 
“Luoania,’’ refrigeration of cargo holds 

of, 409-411 

— of provision stores of, 411-413 
Lugo and M'Pherson, cold-air raaclyne, 
224 

— 8h Tuttle and Lugo 

Lussac’s law of expansipn of gases, 12, 13 
Lyon’s improved absorption machine, 
200-203 


M acdonald, Mr C. a., ammonia 
ooti^ressor designed by, 106-108 
Maoh, Dr Ernest, on heat, 9 
Machines, absotption, 20 
— ammonia compression, 51-116 
— carbonic acid" compression, 45-49 
’-r capacity of, required for refrigeration 
of cola storage chamber, 286-289 
— opld-air, 20, 211-245, 415-417 
^ fithcr compression, 37-^, 117-120 
— ‘ Hquefiiction process, 21, 22 


Machines, methyl chloride compression, 
120 • . 

— sulphurous acid compression, 120- 

129 

Mackay and Christiansen, improvements 
in absorption machines^ 176, 184, 
185 

— Frederick Noel, arrangement for coql- 

ing cold storage rooms or chambers, 
292 

improvements in absorption 

machines, 184, 185 

M‘Phor8on. See Lugo * 

M‘Rae, Mr J., rotary chocolate cooler, 
443, 444 

Main function of refrigerating and ice- 
making apparatus, 19 
items of expense in working, 579 ^ 

Management and testing of refrigerating 
machinery, 530, 639-578 

— cold-air machines, proper, 562 
Manufacture of chloride of calcium and 

salt solutions, 532-534 
Manufacturing industrial and construc- 
tional applications, 439-483 
Maquet gilled piping, 269 
Marcet, Alex., rate of passage of heat 
through various materials, 329 
Marchant cold-air machine, 215 • 

Marine refrigeration, 396-421 • 

Mariotte’s law, 18 

Martindale, Colonel B. H., on refriger- 
ating chambers at St Katherine’s 
Docks, 272 

Marvin hygrometer, 572 
Mash tuns refrigerated, 445, 446 
“ Mataura,” cargo of frozen meat in, 2 
Matthews, F. F., amount of refrigeration 
required, 381-383 

can ice, time required for freezing, 

491, 492 

modern absorption machine, 205- 

209 

plate or wall system, 495 • 

Maurs’ experiments oh transmission of 
heat, 344, 345 
Maxwell, absolute zero, 12 

— definition of heat, 9, 10 

Means for imraroving air circulation, ^16- 
319 

— increasing cooling surface of pipes, 

268, 269, 292 

— preventing leakage at corapresaoir 

piston red, 80, 83, 84, 04, 102, 103 ^ 
Meat-carrying chamber on hoard ^*GaiQ- 
pania*^’ and Lucania,” 409-411 
Meat, cold storage of , 363 * 

— frozen, history of trade in, 2 . 

— cooling plant, abattoir, Kiga^SOS 
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Meat, trade in frozen, 2 
Meats and fish, freezing and storing 01 , 
883--385 

Meohanioal equivalent of heat, 11, 18 

— or forced air circulation, 319-328 

— refrigers^ion, theory and practice of, 

8-20 

work demanded of a machine for, 

13, 14 

Mediums, refrigerating. See Agents 
Melbourne, first cargo of apples from, 6 
Mercury well for horizontal pipe, 5H3 

— ^ for vertical pipe, 663, 564 
Method for preventing leakage of gas 

past compressor piston-rod, 80, 83, 
84, 94, 102, 103 

— of testing capacity of lefrigcrating 

machine, 662-566 

Irtethods of ice-making, various, 485-508 

— of piping that hinder circulation, 31.1- 

316 

Methyl chloride, advantages of, iis a re- 
frigerating agent, 120 

composition of, 120 

compression machines, 120 

disadvantages of, as a refrigerating 

agent, 120 

properties of, 120 

Methylic ether compression machine, 40- 
42' - 

—Compression machine, expansion 

valve for, 42 

distilling apparatus, 40 

Meyer steam engine for driving ammonia 
compressor, 114 

Mica, use of, as an insulating material, 
329 367 

Mild-cured bacon, use of reirigerating 
machinery for production of, 306 
Milk, leh'igeration of, 386, 422-438 
~ shipped from Gothenburg to Lond<in, 6 

— trade in frozen, 6 

Mirrlek, Watson, & Yatt} an Co. , dist illing 
apparatus, 614-ol7 

Miscellaneous ari^ngements for making 
clear or crystal icfe by agitation, 499- 

507 

Mixer for making brine, 632, 533 
^'Mixtures, freezing, principalf24 

— frigorifio, observations on, 23 
Modem physicists on heat, 9 

: ^ types of Boyle ammoni#i oomprossors, 


Mm SckiUifi^e ei hiduatrid. See 
Maurs ‘ . . r 

Moisaan, experiments by, in liqiieiaotion 
ofioses, 692 . r 

Moistnr© in air, determination of, 470- 


Moisture properties of absorbing gases, 
313 * 

Molesworth, heat-conducting power* of 
various substances, 342 

Mollet, Fontaine, et Cie, carbonic acid 
compressor, 151 

Morgues, refrigeration in, 391 

Mort, improvements in absorption ma- 
chines, 175, 181 

— temperature exchanger, 181 

— See nl»o Nicolli and Mort 

Morton, Professor Henry, on power 
obtainable by expansion of liquid 
air, 599-601 

Mortuaries. See Morgues 

Mouge, experiments by, in liquefaction 
of gases, 588 

Mould, germs of, in atmospheric air, 313 

Moulds, cold slabs or tables for, 193, 194 

— or cans, ice, 27 

Multiple efi’ect distilling apparatus, 51U- 

517 . , , ,, 

Mutton, frozen, hanging before cooking, 
286 

— hoist, electrically -driven, 3/b 


N AIRNE vacuum machine, 26 

Nalder Brothers & Thompson, 
Ltd., telethermometer, 575, 678 
Naphtha, use of, as a refrigerating agent, 

44 

Natteur, experiments in the liquefaction 
of gases, 588 


XT ..f 




Ul, UlO 

NefF, Mr Peter, on ratio of diameter to 
stroke in ammonia compressors, 56 
Nelson’s c<>ld storage wharf, external 
carcass hoists at, 376 378 
Nessler’s reagent, 559 
Noubecker ammonia compressor, 86 
“Neuere Kuehlmasohinen,” 

tionof compressor 'diagrams, 566-669 

New South Wales, imports of butter 

from, 6 . f rt 

imports of frozen meat from, 2 

— Zealand, imports of frozen beef from, 2 
Shipping Go., refrigerating instal- 
lation, 407 . 

use of pumice stone as an insulat- 
ing material in, 329 ^ 

Niagara Hall, artificial ice skating nnk 
at, 473 . . u 

Nicolli and Mort’s improvements in ab- 
sorption machines, 210 
Nishigawa improvements in »b 80 i|ftia» 
machines, 193 
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Non-Oonducting materials, experiments 
. on transmission of heat through, 344, 
• 345 

Non-conductiVe values of different ma- 
terials, results of tests as to, 337, 
338 

Non-heat-conduoting properties of various 
substances, 337, 34() 

“ Nonpareil,” first cargo of West Indian 
fruit in, 3 

Northmore, experiments by, in the Iniue- 
faction of gases, 588 

Number of cubic feet covered by 1 ft. 
of 1-in. iron pipe, ‘282 

— of cubic feet covered by 1 ton re- 

frigerating capacity, 283 

— of hrms directly interested in re- 

frigeration, 7 

— of vessels fitted with refrigerating 

machinery, 7 


O BfTECTIONAHLE features of can 
systet^i of ice-making, 488-4‘J(.) 
Objections to^hc cold-air machine, 242, 
243 

— double pipe condensers, 165 
— to the use of etlier as a refrigerating 
agent, 43, 44 

Observations on frigoritic' mixtures, 23 
“ Oceana,” first cargo of apples in, 3 
Oil for lubiicating ammonia machines, 
542 

— injection of sealing and lubricating 
into compressor cylinder, 53, 56-6r> 
presence of, in ammonia system, 542 
— separators or collectors, 7(), 509, 510, 
544-549 

Olszewski, experiments by, in liquefaction 
of gases, 591 

Onions, cold storage of, 390, 391, 394 
Onnes, experiments l>y, in liquefacti<«i of 
gases, 592 

Opaque ice, reasons tor, 484, 485 
Open-air condensers. Set Atmospheric 
condensers 

Opening up ammonia machines, necessary 
pi-ecautioiis, 52 

carbonic acid machines, necessary 

precautions, 556 

Open ti’ough system of cooling, 302, 303 
— water cooler, 168 

Operation of absorption machine, 178, 
179. 205-209 

— of Frick safety compression head, 
68-70 

Operations, cycle of, in ammonia com- 
pression machines, 52 
Oranges, cold storage of, 388, 394 


Ordinary form of atmospheric condenser, 
158 

of cream cooler, 430 

Ordway, Professor John M,, cxperiiftents 
by, on non-conducting coverings, 304 

experiments regarding non-heat- 

(jonducting properties of various 
substances, 340 

“Orient,'" cargo of frozen meat in, 2 
Origin of artificial refrigeration, 1 
Orosius oil production of cold by Estho- 
Ilian tribe, ‘21 

Oscillating ice-making tank or box, ^14 
Oxydising of tea, regulation of, by re- 
frigeration, 464 


P ACIFIO Coast, salmon -freezing worlfc 
on, 384 

Packing {jarcasses in cold rooms or 
chambers, 271, 286 

— house, cubic feet of space per running 
foot of piping, ‘281 
— iec, 535-537 

Packings, compressor piston-rod, 552- 
554 

— ill ammonia eompiessoi' slutting boxes, 
to drn e home, 554 

Pamely, Caleb, on Coliert mefhixl of 
(;oiigclation for constructionakwork, 
477-483 

Paper or cloth, liard pressed asbestos, 
value of, as an insulating material, 
335 

— use of, for insulating purposes, 331 
“ Para,” accident on board, 390 
Paraffin oil works, refrigeration in, 459- 
461 

— solid, extraction of, from shale oil by 
refrigeration, 459-461 
Paris Exhibition, larlionic acid com- 
pressor at bi^jwory section, 151 
Parsnips, cold stomjije of, 391, 395 
Partially submerged ,pump* or pistBn 
agitator, 358, 859 

Particulars regarding ether machine, 
42-44 

Partitions, divisional, for cold stpres,* 
353, 354 

Parts, main, required in all compression 
machines, 36, 37 

— reijuired in ammonia compression 
machines, 51 • 

Pasteurisation of milk in dairies, 431 
Pastry, cold slabs or tables for the manu- 
facture of, 193, 194 

Patent system of preventing leakage at 
ammonia stumiig boxes, 554* ^ 
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Peaches, cold storage of, 389, 395 

— trade in„6 

Pears, cold storage of, 388, 395 

— ttade in, 8 

Peninsular and Oriental Go. ’s cold storage 
chamber, 418 

Periodical publications dealing wholly or 
partly with refrigeration, 604 
Perkins’, Jacob, first compression ma- 
chine, 34, 35 

Photographic accessories, use of refrigera- 
tion in manufacture of, 471 
Physical constants of liquefied gases, 598 
Physicists, modern, on heat, 9 
I’icteau fluid, 34 

Pictet ammonia compressors, 91, 9*2 

— experiments by, in the li(|uefaction 

01 gases, 588, 591 

> Raoul, experiments liy, on radiation 
at low temperatures, 331, 332 

heat units transmitted per square 

foot per hour, 330, 331 

sulphur dioxide, or sulphurous 

acid machine, 44, 45 

Pictet’s improvements in absorption 
machines, 210 

Pictet. See also Tel I - vir and V i ( •!« d 
Pieper, Mr, on amount of water used by 
Windhauseii rnaehiiH'. 504 
Pipe joints and unions, 260-269 
Pjpe-bft, or coil-room, system of air 
circulation, 318, 319 

— means for increasing cooling surface 

oi, 268, 269 

— See also (^^ooling pipes 
Piping for cold stores, 280-284 

— methods of, that hinder air circula- 

tion, 313-316 

— breweries, 456, 457 

Piston or pump agitators for making 
clear or crystal ice, 504-507 

— rod, means for preventing leakage at, 

8(?, 83, 84, 94, 10*2, 103 

packings, coAipres.>or, 552-554 

Htch, use of, for yiHulating purposes, 330 
Plant growth, regulation of, by refrigera- 
tion, 472 

Plate, heat-.miits transmitted through, 
square foot per hour, 33], 

1 - or wall system of ice-making, 486, 
493-496 

— Isystem of making clea^ or cr\'‘-':il ice, 

485-508 

Poetsch process for sinking shafts by 
refrigeration, 475-477 
Points to be looked for in a water-cool- 
ing tower, 170 

Pontifex expansion or regulating valve, 
2^9 


Pontifex gas-tight joint, 260, 261 

— E. L., improvements in absorptioi) 

machines, 175, 186-198 
Pontifex- Wood absorption machine, cost 
of making ice with, 580 

use of, in artificial butter 

works, 461-464 

absorption * machine, use of, in 

brewery, 451-455 
working of, 499, 500 

— brine refrigerator, 445 

— can ice-making tank or box, 487, 488 

— ice-making tank or box on wall or 

plate system, 493, 494 

— improvements in absorption machines, 

175, 186-193 

— pyramid ice-making box, 487 

— stationary cell system of ice-niaking, 

497-499 

Portable distilling apparatus, 516, 517 
Postle cold-air machine, 215, 216 
Power olitalnablc by expansion of 1 lb. 

( fliuuidair, 599-601 
Practice. limit in, between ratio of 
diameter and stroke in ammonia 
compressors, 55 

— theory and, of mechanical refrigera- 

tion, 8-20 

r.ccautious when opening up compres- 
sion raaclnnes, necessary, 52, 555 
Preservation of dead bodies by refrigera- 
tion, 391 

— of furs and various fabrics by re- 

frigeration, 472-473 

— of meat by refrigeration, 270-272 

Pressure, absolute, 11, 12 • 

— and boiling point of liquids available 

for use in refrigerating machines, 
48, 117, 1*20 

— back, loss of etficiency in ammonia 

compressors from, 56 
Principal freezing mixtures, table of, 
24 

Principle of the absorption machine, 174, 
205-209 

Principles involved in process ot refrigera- 
tion, simplicity of, 19 

— of operation of ammonia compressor, 

51, 52 

Process, absorption, the, 201 

— compression, the, 18, 20, 34-151 

— liquefaction, the, 20, 21-24 

— vacuum, 20, 25-55 

Production of cold by frigorific mixtures, 
^neral law of, 23 

~ of \'ery low temperatures, 588-601 
Progress, history of trade in fresh pro- 
visions, 1-7 

Propeller for brine agitation, 490, 491 
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Proper management of cold-air machines, 

. 662 

— tnethods of storing, and temperatures 

for cold storage, 381-391 
Properties of ammonia, 48 

— carbonic acid, 129 

— ether, 117 

— methyl chloride, 12d 

— sulphurous acid, 120 
“Protos,” cargo of frozen meat in, 2 
Provisional specification of Dr William 

Hampson, 595 

Provision stores or chambers on board 
S.S. “Campania” and “ Lucania,” 
411-413 

— trade, fresh, 1, 2 
Psyohrometers, 571 

Publications, periodicals, dealing wholly 
or partly with refrigeration, 602-604 
Public buildings, cooling atmosphere of, 
in warm climates, 472 

— morgues or mortuaries, 391 
Pulsometer Engineering Co., Ltd., am- 
monia con^pressor8, 85-87 

cell iSe-making tank or box, 

499 

cold storage chamber, 289, 290 

cost of working, 582 

hand-power ice machine, 33 

ice delivery machines, 527 

ice tank or box room of ic^e 

factory, 519, 520 

ice-making box, 495, 49tj 

refrigerated, barges, 421 

refrigerated railway van, 365 

Pumice stone, use of, as an insulating 
material, 329 

Pump agitator for making clear or crystal 
foe, 604-507 

— 'for clearing absorber, 188 

for vabnum machine, improved, 29 
Pfiplett agitators for ioe-can box, 488 , 
ammonia compression machine in 
, small store, 303, 304, 308 

and Rigg, arrangement for lifting 
, ice cans, 523-526 . 

f patent separator, 545, 546 

!i regulating valve, 248, 249 

v-r marine type of ammonia compressor, 
40S 

— Samuel,* improvements in ammonia 
, ^'^^oompressoTB, 92, 93 " 

Par^tt’s water-saving and cooling ap- 
Matua, 168, 169 

.Barmoation of for inflation of 
j^Uoonsi use of refrigeration for, 
472 

t)f oarbonip acid, to test, 129 • 
^Jpiimidiee-making box, 487 


Q ualities of ammonia, , 

eating, 552 • 

- — principal, to be siJughC for in 
compressor, 53, 66 

— rendering carbonic acid particularly 
suitable for use on ship-hoard, 397 
Quality of oil to be used for sealing and 
lubricating purposes in ammonia; 
compressors, 57 

Queensland, imports of frozen l>eef from, 


Quiri & Co. , atmospheric condensers, 161 
sulphur dioxide compression ma- 
chines, 123, 124 


R abbits, trade in frozen, 3 

Radiation of heat through walls 
cold storage chambers, &c., 287 
289 

Railway vans, refrigerated, 365-371 
Ransome and Rapier absorption machine, 
198-200 

Raoul Pictet Co., sulphurous acid ma- 
chine, 129 

sulphur dioxide or sulphurous 

acid maebine, 44, 45 

Rapid liquefaction of a solid, abstraction 
of heat by, 20 

Ratio between diameter and strdke of 
ammonia compressor, 64, 56 
Rau's atmospheric condenser, 161 
Reaumur’s tnermometrical scale, zero on, 
12 

Reciprocating agitators for making clear 
or crystw ice, 487-499 
Retl currants, cold storage of, 389 , 

Reece, Rees, improvements in absorption 
machines, 176, 179-181 
Refineries, sugar, refrigeration in, ^4, 
465 ^ 

Refrigerated railway^yans, 366-371 
Refrigerating apparatus, amount qjf 
water required by, 570 
— capacities, table *of, 284 
— capacity in B.T.U. required per cubic 
foot of storage, 283 

— coils, defrosting, 660, 561 ; » 

— machine a heat pump, 19 

greatest theoretical efl&oiency of, 

17 

— machinery, classification of, 20 

lubripatibn of, 658, *669 

testing of, 564-568 

Refrigeration, amount of, required in 
cold stores, 286-289 % ' 

— and cold storage, 270-396 
— bibliography of, 602-604 
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Refrigeration by means of cold-air 
maohimea, 272, 274 

‘eoiri^resaion and absorptif>n ma- 
chines, 274 

— chemical process of, 20, 21 -24 

— in butter manufactories and dairies, 

422-438 

— marine, 300-421 

— mechanical, theory and practice of, 

8-20 

working of a machine for, 15, In 

— number of firms directly interested 

• in, 7 

— use of, in various industries, 430-483 
Refrigerator. See Evaporator 
Regealed ice machine, 507, 508 
Regenerative method of producing very 

low temperatures, 502-500 
•Registering thermometers, 574, 575 
Regularity of temperature of fruit cargo, 
necessities for, 410, 420 
Regulating the temperature of ferment- 
ing of tea by refrigeration, 404 

— valves. See Expansion valves 
Regulation of plant-growtli by refrigera- 
tion, 472 

Relative humidit\ for a given tempera- 
ture in egg rooms, correct, 387, 388 

— ' of air per cent . 572 
Remi^igton Machine Go., single-acting 

Tnclosed pattern ammonia com- 
pressor, 09, 1<X> 

Results of experiments on the conduc- 
tivities of various subst.nices, 330 
regarding heat-conducting pro- 
perties of various substances, 339, 
340 

regarding non - heat - conducting 

properties of various substance^, 

, 340, 341 

— - of tests to determine the non-coii- 

ductivo values of different materials, 
l)onaldson, 31^, ii38 

— jbhe non-oonductive values of 

* varitrus materials, Wallace, 338 

— of tests on the 'heat-conductivity of 

different substances, 339, 340 
Return sooket Ik nd, 205, 260 
Revolving door for cold storage rooms, 
* 310-312 

Rhigoline, use of, as a refrigerating agent, 

• 43 ^ 

Rice, Mr A. L., on production of very 
low temperatures, 593, 594, 599 
Richardson,* Dr B. W., on effect of 
’ ammonia on fresh meat, 276, 277 

Rich^ H. S., & Co., work on eggs in cold 
storage, 388 

Riga alxittoir meat-cooling plant, 303 


Rigg, Jonathan Lucas, improvements in 
ammonia compressors, 92, 93 ^ • 

— See Puplett and Rigg 

Rilleux, triple-effect distilling apparatus, 
510 

Rink, artificial surfaces of ice at, 473 
River Plate, in][ports of frozen mutton 
and beef fiom, 3, 5 

Rocking or oscillating ice- making tank 
or box, 504 

Romans, cooling of wine by, with salt- 
petre, 21 

Ros<-oo, Sir Henry E., on carbonic acid, 

47 

Rossi. See De Motay and Rossi 
Rotary agitators for making clear or 
crystal ice, 487 

Rotating discs, arrangement for cooling 
air with, 297 

— door for cold storage rooms, 310-312 

— exhaust pump or cylinder, 30 
Rough estimate of refrigeration in 

breweries, 457 

“ Kn ’pehu,” refrigerating installation on 
board of, 407 

Riiddick, J. A., on dairy refrigeration, 
431-436 

Rugs, preservation of, by use of refrigera- 
tion, 472 

Rumford, Count, definition of heat by, 8 
Ryan, T. J., refrigerator car, 371 

S ABROE & CO., Ltd., D., carbonic 
acid machine, 151 

Thomas Ths., sulphurous aefti, 

machine, 129 

Sacking saturated with cold brine, cool- 
ing nir with, 297 

Safety dcvicc-i for compressors, 71-76 
— heads for compressor cylinders, 66-74, 
105 

— valves for carbonic acid machine, 135, 
144, 146, 149 

Salmon-freezing works on Pacific Coaet, 
384 

Salsify, cold storage of, 391 
Sandbach, combined cream cooler and 
heater, 430 

Santorio, cooling wine by mixture of snow ^ 
and salt, 21 

Saving of power and cooling water in 
condensers, 164, 165 
Schmidt, M. E., refrigerator car, 371 
— on Poetsch process of sinking shafts 
by refrigeration, 477 
Schmitz, Mr Constanz, method of 
• testing capacity of refrigerating 
machine, 5^, 567 
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Sohou, H. H., patent evaporator, 155 
S(iimtific Ame.rican, article on effect of 
Jtmmonia on fresh meat, 27fi 
Bcreen or apron in front of side-wall 
piping, 3111, 317 
Screw agitati^r. »sVe Agitator 
Screwed and soldered joints, 2()1 -21)11 
Seeley, improvements' in absorption 
machines, 193, 209 

Self-contained marine type of ammonia 
compression machine, 407, 408 
Selfe, Norman, ammonia compressor, 108 
Self -registering thermometer. Nee Ther- 
mograph 

Selling lee, 536, 537 

Semi-cylindrical door for cold storage 
rooms, 310-312 

Semi-steel, use f>f, in compressor 
cylinder, 145 

Senssenbreniier, C., ammonia absorp- 
tion machine, 203 
Sensible heat, 10 

Separators or collectors, oil, 76, 509, 510, 
544-549 \ 

Shafts, use of refrigeration for sinking, 
472, 474-483 

— ventilating, for cold stores, 312 
Shale oil, extraction of solid paraffin from, 

by refrigeration, 460, 461 
Shallow stationary cell system of mak- 
ing, clear ice, 485 

Shipley, Mr Tliomas, improvements in 
St Clair compressor, 116 
Ships' holds, method of sterilising cold 
air for use in, 420, 421 
Siberian river's, use of refrigeration for 
prospecting in, 477 

Siebe, Corman, & Co., ether compression 
machine, 38-40, 43 

Siebel, Professor, amount of condensing 
surface required in atmospheric 
condensers, 156 ' 

on cold storage of fruits, 388 

on dinrensions of sulimerged con- 
densers, 155 

radiation through walls, &c., 287 

(^Siemens’ ice-making apparatus, 22 

— experiments by, in liquefaction of 

gases, 588, 592 

rr liqrwfaqtion process, cost of making 
• 10 © by, 584 

eotton. See Slag wool 
Silks, preservation of, by means of re- 
fegeration, 472 

' n^thod of procuring joe, used in 

S^ramoe, 25 

of producing ice in hot climates, 

, ''' • 
“^Implex ” absorption machine, 198-200 


Simplicity of principles involved in pro- 
cess of refrigeration, 19 • 

Sinclair impi'ovements in ebsorption 
machines, 193, 194 

Single-acting compressors, advantages of, 
r>7 

disadvantages of, 51 

losses due to clearances in, 54, 55 

— compound marine type ammonia 

compressor, 407 

— effect, Yaryan distilling apparatus, 

510-517 

Sinking of colliery shafts, application 
reti igeration to, 472, 474-483 
Sizes and capacities of various ice-making 
plants, 532 

Skelp, condenser pipes made of, 161 
Skiiikle, Eugene T., table of dimensions 
of atmospheric condensers, 157 

of submerged fondensei\s, 

157 

Slalia or table, cold, for manufaetiu’e of 
chocolate, &o., lt)3, 194 
Slag M'ool, consistency for packing insu- 
lating spaces with, 330 

use of, as an insulating material, 

329 

Small brewery, plan of refrigerating 
plant for, 458 

— cold storage chamber, uith Hrtslani 

cold -air macin’ ne, 306-308 
with Tuplett ammonia com- 
pression machine, 308 

— with Triumph ammonia 

compression machine, k)8, 309 
Snow, removal of, from reh’igerating 
surfaces, 292 

marine cold storage chamber, 

417 

Soci^t6 (Jenevoise de Construction, sul- 
phurous acid machine, 129 
Socket bent joint, 265 

return, 265-‘^67 

Soda-water works, ua6\)f refrigeration in, 
472 

Sodium, chloride of.« See Salt 
Soft fruits, trade in, 6 
Solid, abstraction of heat by liquefaction 
of, 20 

— paraffin, extraction of, from shale"' 

oil, by refrigeration, 459-461 
■— steel forging for compressor oylindeps, 
144 

Solidification as a test for^purity of car- 
bonic acid, 129, 130 

Solway, regenerative method of produo- 
ing low temperatures, 593 
Soudan Campaign, use of ether makshin© 
during, 120 
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South Africa, use of ether machine in, 

• 

Southkmpton Docks, cold stores or 
chambers at, 283, 286 
— Cold St(jrage Co., elevators, 375, 376 
Houthby. • *S’ee Blyth and Southby 
South Wales, Kew, imports of butter 
from, 6 

imports of frozen beef from, 2 

Spattering of cooling water in atmos- 
pheric condensers, to prevent, 156 
Specific gravity of ice, 484 
-♦ heat, 10 

— “ — and composition of victuals, 408 

definition of, 10 

— — of ice, 484 

of water, 10 

Spiral agitator for can ice-making box, 

• • 487 

Spring safety compressor heads, 05-70 
St-allmaH’s ammonia compressor, 105, 
106 

Standarfl Butter Co., railway van 
cooled by liquid air, 371 
Stanley, H. F., improvements in absorp- 
tion machines, 175, 181-184 

— refrigerator cai, designed by, 368-370 
Starr, transmission of heat through 

various insulating structures, 344 
Starfing ammonia machine. 541 
Staflonarv cell system of ice making, 
466-499 

Si Clair compound ammonia compres- 
sor, 116 

system of circulating aii‘ in cold 

chambers, 318, 319 

St Katherine Docks, refrigerating 
chambers at, 272-274 
Steel flange unions, 264 
Steinle thermometer, used on chocolate 
cooler, 443 

Sterne, L., & Co., Ltd., ammonia com- 
pressors, 56-6g • 

^Stovensop’s cold-air machine, 225 
Stewart ^ Co., Ltd., D., oarkmic acid 
oompressiou mdohine, 151 
Stewart Balfour on rise of temperature 
of air .under compression, 10 
Still for absorption maclfine, 174. A^ee 
■ olm Denelrator 


Stocker water-ooolipg tower, 1 70 
Sibockholm, construction of uinnel by 
refrigeration at, 474 

Stoddard, mper on waterproofing bricks, 
345-350 


* Stop-cooks and valves, 252-256 
Storage chambers, amount of refrigerating 
tapes required for, 280, 281 
— oi'irwt cargo, proper, 418, 419 
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Stomge of various articles, proper tem^ 
perature for, 392-39.5 
Stores, cold, number of, in United King- 
dom, 7 

walls for, 350-354 

Storing ice, 535-537 
— meats and fish, 383-385 
Strainer, brine, '^161 

Straiton, Mr .Tobn, dwr fur cold storage 
rtAoms, 360 

“ Stvathleven,” first cargo of frozen meat 
brought over in, 2 
Strawberries, cold storage of, 389 
Stroke, ratio lietween, and diameter in 
ammonia compressors, 54-56 
Stuffing boxes for ammonia compressors, 
5.52,554 

— box glands, sealing of, 56, 57 
Sturgeon's cold-air machine, 225 
Svibmerged condensers, 134, 1.52-1.57 
Successive cycle system of producing 

very *ow temperatures, 689, 590 
Suction and discliarge valves, 256-260 
Sugar factories and refineries, use of re- 
frigeration in, 464, 465 

— madiinery, treatise on, 465 
Sulphur dioxide. aSVa; Sulphurous acid 
Sulphuric acid refrigerating machines, 

27, 33 

— ether compression machine, .39, 40 
Sulphurous acid, advantages of, as a re- 
frigerating agent, 44, 4-5 

machine, 44, 45, 120-129 

-- - objections to use of, as a refri- 
gerating agent, 45 

properties of, 44 , 45 ♦ 

Sulzer engine, compressor pumps driven 
by, 81, 124 

Superheating of ammonia gas in com- 
pref <oT cylinder, means for pre- 
venting, 91 

Suppes and Dortch, expansion valve, 251, 
252 

Supplementary condensers or foreooolers, 
164, 165 

Surfaces, brick, waterproof coatings for, 
.345-;i50 

— of cooling pipes, to increase, 268, 269, , 

292 

Swiss Co-operative Society ref rigeWLtUjtg i 
plant, 428, 429 ^ 

Sylvester process for waterproofing briol^ 
350 ' 

System, absorption, the, 20, 174-210 

— cold air, the, 211-245 

— compression, the, 20, .34-151, 557, 558 

— liquefaction, the, 20, 21-24 

Systems of operating ammonia oompr^ ' 
sion machines, two, 52 " ’ 
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T able giving si/e and capacities of 
varions ice-making plants, 523 
— the extreme limits of cubic feet 
of space per running foot of 2-in. 
piping, 281 

the relative heat-conductivity of 

various boiler-covering materials, 
340 

— of amount of heat- units transmitted, 
per square foot jicr hour, through 
various substances, 330 
— of approximate cost ot ice-making, 
587 

— operating ice factories, oHG 
— of calculated relative amounts of 
vapour condensed and deposited in 
the varuais stages of cooling, 230, 
231 

— of conductivities of asliesO^s and 
Kieselguhr composition, 334 
— of correct relative humidity for a 
given temperature in egg rooms, 
388 

— of cubic tiet of ammonia gas per 
minute to produce 1 ton of retri- 
geration per day, 278 

of space per running foot of 

2-in. pipe direct cxjiansion, 281 
— of dimensions ot atmospheric con- 
densers, 104 

-• — of submerged condensers, 157 
— - of extreme limits oi cubic feet (jf space 
per running foot of 2-in. piping, 
281 

— of freezing times for difl'erent teni- 
* • peratures, and thicknesses of can ice, 
530 

— of heat-conducting power of various 
substances, slate being 1,000, 342 
— of ice plant efficiencies, 531 
— of ice required for refrigeration in 
dairies, 65 ' 

— of lineal feet ot 1-in. piping re- 
, quii’ed per cubic foot of cold storage 
^ space, 282 

r- of non-heat-conditoting properties 
f . of various substances, 340 
A of cumber of cubic feet covered by 
f I ft. of l*in. iron pipe, 282 

©f number of cubic feet covered by 
refrigerating capacity for 
twenty -four nours, 283 
tjf physical constants of liquefied 
gases, ^8 

— <M pripcipal freezing mixtures, 24 
— of rawrof passage of heat through 
various materials, 339 
— of rario of piping in brevery cellai’s, 
456, 457 


Table of refrigerating capacities, 284 

capacity required per » cubic foot 

of storage room, 283 - • . * 

— refrigeration required to cool meats, 

382 

— of relative humidity for given tem- 

perature in egg rooms, 388 

— per cent. , 572 

— of results of different experiments on 

the heat conductivities of various 
substances, 33b 

of experiments regarding non-heat- 
conducting properties of varineis 
substances, 340, 343 

of test experiments made with 

cold-air machines, 244 

of tests to determine the non- 

comluctive values of difl'erent ma- 
terials, 337, 338 r 

of tests to determine the non- 

conduetive values of various ma- 
terials, 338 

of tests on the heat conductivity 

of difterent substances, 339 

of tests by Professor Jamieson 

as to relative and absolute thermal 
conductivities of substances, 333 
-- of specific heat and composition of 
l ietuals, 383 

— of temperatures adapted for th^ cold 

storage of various articles, ‘ 392- 
395 

— of tests of waterproofing bricks, 345- 

350 

— of time required for water to freeze in 

ice cans, 491, 531 

— of weights of aqueous vapour held in 

suspension in pure dry air, 573 
~ of yearly imports of frozen and 
chilled beef, 5 

— of yearly imports of frozen mutton 

and lamb, 3, 4 

— sliowing transnijssion ot heat thibugh 

various insulatin^'structures, 344 
Tables or slabs, cold, for manufacture of 
chocolate, &c., 193, 194 
Tabor, C. J,, on preservation of fish, 
384, 385 

Tancredus, Latinus, freezing water* by^ 
mixture of snow and saltpetre, 
21 

Tangje pattern frame ammonia compres- 
sor, 108, 109 

Tank insulation, 361-304 » 

Tapestries, preservation of, by means of 
refrigeration, 472 
Tal ler. Ncc Wallis-Tayler 
Taylor 8 patent fittings for doors of cold 
stores, 360 
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Tea regulating, fermenting of, by refriger- 
ation, 464 

Telethermometer, or electrical ther- 
’•mometer, 575, 676 

Tellier and Pictet luacliines, cost of 
making ice with, 583 

— Charles, inethylie ether eompressioii 

inaoliine, 40-42 

Tell-tales. See Temperature tell-tales 
Temperature absolute, 12 

— and heat, distinct meanings of, 10 

— best, to maintain a fruit cargo, 410 
— ^exchanger and economiser, 181, 107 

— of condensed gas most economical, 

168 

— of oxydising or fermentation of tea 

by refrigeration, 464 

— tell-tales and long di.stancc ther 
^ ^ raometera, 573, 574 

Temperatures for the cold storage of 
vaiiops articles, proper, 302-305 
production of very low, 588, 601 
Tender fruits, cold storage of, 388 
Testing of refrigerating machinery, .563- 
576 

— work of carbonic acid macliine, 481 
Tests of purity of ' irbonie acids, 120- 

131 

— of waterproofing hrick, 345-350 
Thamrtj, refrigerated barges ou, 421 
Theowtical ctficiency of a refrigerating 

machine, greatest, 17 
Theory and practice of mechanical re- 
frigeration, 8-20 

I'hermo-dynamicB, first laws of, 8-19 
Thermograplis, 419, 574, 575 
Thermometers, long distance, 573, 574 
Ther mom etrical scale, Fahi., zero on, 
12 

Thomas, r S., arrangement for increas- 
ing the surface of cooling pipes, 
292 

Thompson, Benjamin. ^ See Rum ford 

— M. R., on filling^ce liouses, 335 
T^horne, method of making ice, 495 
Time required for water to freeze in ice 

cans, 491, 531 

Tomkins, E. H., improvements in absorp- 
tion machines, 175, 185„rl8() 

'Tools, loose, requiied in ice factory, 

Toselli’s ice-making niaclnne, 22 
To'rt'’er, air-cooling, 295-297 

— water-coolipg, 168-173 

Track systennfor ice factories, 527 
Trade in Australian apples, 

— in fresh provisions, 1-7 

— in frozen cream, 6 

— in frozen meat, 2 


Trade in grapes, 6 
— • in peaches, 6 

— in pears, 6 * 

Trans-Mississippi Exposition, refrigerat- 
ing machine at, 110, 1 11 

Trays, drip. See Drip trays 
Triple-eflect distilling appar.itus, 510- 
.512 

Ik'ipler’s apparatus for the produc- 
tion of very low tempeiatuios, 593- 
595 

Triumph Ice Machine Co., approximate 
cost of ice making, 587 

— atmospheric condenser, 100 

— automatic ice dump, 525-527 

— complete brewery refrigerating plant, 

458 

— dimensions of submerged condensers, 

155, 156 

— discharge and auction valves, 250, 

260 

— doublc-a ting ammonia compressor, 

89-01 

— expansion valves, 247, 252 

— oil separator or collector, 500, 540 

— plan of ice factor}’, .520 
- plan for insulation, 365 

•— propeller for brine agitation, 490, 
491 

— small cold storage room, 3*)8, 309 

— stop-valve, 2,53, 2.54 

— w^ater-C(K)ling tower, 171, 172 
Tropical climates, cooling of hospitals, 

&c., in, 472 

Trotter, Mr A. Jk, long distance ther- 
mometer, 574 • 

Trough, open, system of cooling, 303 
Truman, Hanbury, & Co., brewery, first 
use of ether macliine at, 439 
4’runk for admitting cold air in marine 
installations, 416, 417 
Trunks or duets. Piiplett's arrangement 
of, 303, 304 

Tunnelling, application of refrigeration 
to, 474 

Tuttle and Lugo, cold-air machine, 224 
Tuxeii and Hammerich Engineeri*^ 
Works, Ltd., ammonia compressor, 
100-102 ^ 

— carbonic abid compressor, 161 
Twining and Harrison, wall or 

system of ice making, 493 

— Professor, improved compression 

machine, 37, 38 

Tyler and Ellis Manufacturing Co., Ltd., 
ammonia absorption machine, 198- 
200 

Tyndall, Professor, definition of heat 

by.» 



INDEX. 


U NIONS, flange, 2ti4--269 

— pipe joints and, 260-269 
Jifited Kingdom, cold stores in, 7 
- - ' imports of frozen provisions into, 

- States, constimction of first refrigera- 
tor car in, 366 

Illinois Central Railway, re- 
frigerator car on, 367-370 
- - method of freezing fish in, 383, 
:I84 

insulation used in, 36o 

: pattern of Linde ammonia com- 

pressor made in, 81 
— — refrigeration in, 7 

selling and delivering of ice in, 

.536, 537 

water - c(jroling towers in, 168- 

173 

Unit of measure of heat, 1 1 
Unnecessary clearance spaces in ammonia 
compressor, 53-56 

Upholstered furniture, preservation of, 
by refrigei'ution, 472 
Utilisation of (lissolution of a solid to 
abstract heat, 20, 21-24 


V ACUUM flasks for liquid air, 591 

— machine, cost of making ice by, 
584 

improved pump for, 29 

- process, the, 20, 25-33 
- system of ice making, 517, 518 

* of refrigeration, the, 20. Seeaho 

Vacuum process 

Vallance, improvements in vacuum 
raaohiaea, 26 

Valvps, safety, 52, 54, 1.35, 144, 146, 
149 

-r- tsonipress'ic, unnecessary clearance 
spaces, 56 

— discharge, 256-260 
'’^expansion, 42, 63 
inlet, 256-260 
^ -4 fiuCtidn, 256-260 
Vi ,i8ce alao Cooks, Valves, Ac. 

Value of different substanoes, non-coii- 
ductive, 337, 338 

Van'*|er Weyde refrigerating machine, 

■,.> 44 

^^- 1 . .-J^&ygtem of packing ice, 5.30 
^Vftns, railway, refrigerated, 365-371 
Vapour, n^etnod of cooling in comprea- 
sioii cylinder, 80 
Becalm Gas 

articles, proper temperaturae fot 
of, 88L395 


Various insulating structures, table show- 
ing transmission of heat through, 344 

— inventions for refrigeratttig dnd^ ice- 

making, 20 

— manufacturing, industrial, and con- . 

structional applications of refrigera- 
tion, 438-483 

— methods of ice-making, 485-508 
substances, results of experiments 

on the heat conductivity of, 331, 
.336 

of tests on the heat con- 
ductivity of, .3.33 • 

used for purposes of insulation, 

329-371 

Vault in brewery, cooling of, 451 
Vegetables, cold storage of, 390, 391 
Vendin-Sens, use of refrigeration for sink- 
ing shafts at, 475 <5 

Ventilation of cold storage chambers, 
312, 313 * 

Ventilating shafts for cold stores, 312 
Vernon, Mr C. E., electric temperature 
tell-tales, 573, 574 

Vertical duplex marine type of carbonic 
aci<l machine, 401 

— marine types of fjold-air machines, 

414-417 

type of single-acting ammoma com- 
pression nmimine, 402 * 

— pipe, mercury well for, 563 

Very low temperatures, 588-601 ' 

Vessels carrying live cattle, cooling holds 

of, 473 

— fitted with refrigerating machinery, 

number of, 7 

Vicq-Auziii, use of refrigeration for sink- 
ing shafts at, 475 
Victoria Dock, lifts at, 378 

imports of butter from, 6 

imports of frozen beef from, 3 

Victuals, specific heat and composition 
of, .388 . , • 

Villafranca, Blasius, use of £|^ltpetre hy, 
for the reduction, of temperature, 
21 

Vilter Manufacturing Co., ammonia 
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Volatde liquid agents, 34 ; 

Voorhees, Mr Gardner F., oil separator 
or collector, 647 • 

V- shaped or corrugated bottom to cool- 
ing tank, 291,^3 * 

Vulcan Iron Work«, amount of Water 
required in refrigerating apparatu®, 
'570 ' 
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. V ulcai^horizontal double-acting ammonia 
i cjompreision machine, 112-114 

— ioe factofy, 620 

— ificlosed type ammonia compressor, 

114, 116 

— track system, 627 

W AUON8, refrigerated. AVe Vans 
Walker laWatory ice-making 
machine, 22 

Wallace, Dr Wm., results of tests by, to 
^ determine non -conductive values ot 
, various materials, 33H 
'Wallia-Tayler and Whitehead, revolving 
door for cold stores, 310-312 
— testa conducted by, 011 cold-air 
machines, 244 

•»^"all or plate sj^ stem of making clear ice, 
4S6, 493-490 

— systen*, plan for chilling and freez- 
ing by circulation of cold brine on, 
292, 293 

Walls for cold stores, 360-354 
— of cold stores, radiation of heat 
tln.’ough, 287-289 

‘ Washed intestines freshU' kdlccl 
pigs, experiments with ammonia on, 
276 

Waahlfig, cooling, and drying air, ap- 
|in'atu8 for, 297, 298 
’ Wastage of ice, 636 
Water, amount of, required in refriger- 
ating apparatus, 670 
— ooramon arrangement tor distrilm- 
tion in atmospnei-ic condensers, 167, 
158 • 

— consumption in carbonic acid ma- 
chine^, 142 

— in sulphuric acid machine, 28, 29 
— 111 sulphuric ether machine, 39, 43 

-r, cooling apparatus, 162-173 

"towers, 168-173* 

— de-aerating or 'distilling apparatus, 
• 608-61.? \ 

— , distributing arrangement, 158, 159 
prosenoe of, in ammonia system, 642 
— saving and cooling appaititus,* 1 OB- 
ITS * , 

specific heat <rf, 10 

Waterproof coatings for brick surfaces, 
* 346-350 . 

Wtygood & Co., external earefiss hoist, 
376-378 

lifts, passenger or goods, 378-380 
Webb's arrangement 6f suction valves 
for ammonia compressors, 408 
"^^d^l '& Co., on imports of mutton, 
lamb, and beef, 2-6 


Wedge, adjustable shoes on crosshearls 
of compressor, 83 

— doors for cold stores, 357-360 * * 

Wegelin and Hubner carbonic acid com- 
pression machine, 151 

Well, mercury, for horizontal pipe, 563 
v ertical pipe, 663, 664 

— sinking, application of refrigeration 

to, 47.3 

Weaterlin and Campbell double -pipe con- 
denser, 165 

West, H. J., & Co., Ltd., carlKinic acid 
compression machines, 141-144 

— ether compression machine, 118-120 

— submerged condenser, 164 

— Se(> alxo Della Heffa and West 
West Indin Docks, lifts at, 378 

— Indian fruit, first cargo of, 3 

— Smithfield, lifts at, 378-380 

Wet system of operating ammonia com- 
pression machines, 52, 63 
Wetzel pan, water-cooling tower on 
piinciple of, 173 

Weyde, Tin der, refrigerating machine, 

44 

— system of packing ice, 530 

White bleaching of clothes by refrigera- 
tion, 472 

Whitehead. See Wallis-Tayler and 
Whitehead 

Whitelaw. See, Johnson and Whitelaw 
Williamson's cold storage chamber, 293#’ 
294 

Wilson, Thos., .Sons, & Co., steamers 
fitted with refrigerating machinery 
for the butter trade, 6 • J 

Wiiidhausen apparatus for pnxluotion of 
very low temperatures, 593 
-- carbooio arid machine, 45, 46, 131 

— cold-air nuichine, 216-221 

— Franz, con^und vacuum pump, 27 

— machine, cost of making ice with, 583, 

584 . 

installation of, at Bayswatet, 27 

Window insulation, 360 
Windows of cold stores, radiation of heat . 
through, 287 

Wine growers and merchants, us© of re- 
frigerating machinery by, 469-471^ 
Witting gilled piping, 269 ' - 

Wolf Co., Fred. \T, atmo^herio eoa- 
densers, 161 

— recent design of Linde compressor 

made by, 81 

-- Set aim Pontifex and Wood 
Work, carbonic acid machine, to okSirg© 
and, 554-536 

ijemanded of a maohine for 
raeohaniool refrigeration, 
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Working, ^oost of, 379-587 
W^rt, be<^, cooling of, 444-446 
Worthington water-cooling tower, 170 
Wroblewski, experiments by, in lique- 
faction of gases, 591 


Y ARYAN catchalls, modified ar- 
rangement of, 547, 548 
— distilling apparatus, 510-517 
oil separati^r, 547, 548 
Yeast rooms, brewery, cooling air in, 
446, 447 


York Manufaoturinjg Oo., compound 
ammonia compressor, 97*99 ' 

- improved St Clair amlhonfa com- 
pressor, 116 

— single-acting ammonia compressor, 
97-99 


Z ERO on Centigrade thermometrical 
scale, 12 

— onFdhrenheit thermometrical scale, 12 
— real, 12 

Zschocke Avater-cooling tower, 171 • 










